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A B S T R A C T   
The oldest archosauromorphs (dinosaurs, birds, crocodiles, and their stem-taxa) are recorded in middle− upper 
Permian rocks, but it was not after the Permo− Triassic mass extinction that the group shows a substantially high 
taxonomic richness and ecomorphological disparity. The early evolutionary history of the Archosauromorpha 
during the Early and Middle Triassic is mainly based on fossils recovered from rocks in southern Africa, Europe 
and Asia, whereas South America possesses a more complete fossil record of the group only in the Late Triassic. 
Here we revisit, discuss, and reanalyse the non-archosaurian archosauromorph fossil record of the current-day 
South America. The Early Triassic archosauromorph record in this continent is still scarce, but it documents 
the early evolution of the group in western Pangaea and is crucial to understand more globally the biotic re-
covery after the Permo− Triassic mass extinction. The Middle Triassic record is extremely scarce, but the Late 
Triassic archosauromorph assemblage of South America is among the most diverse and abundant worldwide. The 
last decade has witnessed a considerable improvement in our knowledge of the record, taxonomy, phylogeny, 
and macroevolution of the group with the input from the South American fossils. Nevertheless, a considerable 
amount of research is needed and ideally should be focused on some particular aspects of the Triassic evolu-
tionary radiation of Archosauromorpha. Among them, the Early Triassic record should be expanded, more 
numerous and more complete Middle Triassic archosauromorph specimens are crucial to have a more complete 
picture of the evolution of the group, and the taxonomy of groups like proterochampsids and hyperodapedontine 
rhynchosaurs should be clarified through detailed anatomical work.   
1. Introduction 
The fossil record of the Triassic Period documents the origin and 
initial diversification of Archosauria (pterosaurs, dinosaurs, crocodiles, 
and their most immediate precursors), the clade that dominated most 
terrestrial ecosystems during the rest of the Mesozoic (Bakker, 1977; 
Benton, 1983a; Sereno, 1991; Nesbitt, 2011; Ezcurra, 2016). Never-
theless, several other groups that are more closely related to archosaurs 
than to lepidosauromorphs (e.g., lizards, snakes, tuataras) also diversi-
fied during the Triassic (see Ezcurra et al., 2020). These Triassic groups 
(i.e., stem-archosaurs or non-archosaurian archosauromorphs) plus 
archosaurs form the clade Archosauromorpha. Although the oldest 
archosauromorphs are recorded during the Permian, the early diversi-
fication of the group is detected in the aftermath of the deadliest biotic 
crisis documented in Earth history, the Permo− Triassic mass extinction 
(c. 252 millions years ago [Ma]) (Raup, 1979; Erwin, 1994; Chen and 
Benton, 2012). Increased evolutionary rates associated to the occupa-
tion of empty ecomorphological niches and restructuring of ecosystems 
during the Early Triassic gave rise to a wide diversity of arch-
osauromorphs, increasing both taxonomic and morphological disparity 
(Ezcurra and Butler, 2018). Albeit not particularly abundant in Lower 
Triassic rocks, archosauromorphs already experienced a wide 
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morphospace occupation during the initial steps of their first adaptive 
radiation, and a number of typically Triassic clades have ghost lineages 
tracing back to the Permian Period (Foth et al., 2016; Ezcurra and Butler, 
2018). Archosauromorphs became more abundant and dispersed to all 
continents after global ecosystem stabilization during the early Middle 
Triassic, approximately five million years (My) after the mass extinction 
(Ezcurra et al., 2014a, 2020; Roopnarine et al., 2017; Ezcurra and 
Butler, 2018). During the Middle Triassic, archosaurs became more 
abundant and taxonomically diverse than stem-archosaurs in several 
assemblages, and this pattern continued into the Late Triassic. By the 
latest Triassic (middle Norian to Rhaetian), the fossil record of 
stem-archosaurs is restricted to a few species in North America and 
probably Europe, and none of the multiple stem-archosaur groups sur-
vived the Triassic− Jurassic mass extinction (c. 200 Ma) (Ezcurra et al., 
2020). 
The Triassic archosaur fossil record of South America has been 
crucial to understand the early evolutionary radiation of the group. For 
example, the Triassic South American basins preserve some of the best 
records worldwide of Carnian terrestrial assemblages, including the 
most informative fossils of the oldest dinosaurs known so far (Brusatte 
et al., 2010; Langer et al., 2010a). Regarding stem-archosaurs, the South 
American fossil record is particularly rich in proterochampsid and 
rhynchosaur specimens, but only during a time span restricted to c. 
236− 227 million years ago (Benton, 1983a; Martínez et al., 2013; 
Mancuso et al., 2014; Ezcurra et al., 2017; Desojo et al., 2020). Never-
theless, continuous work and new discoveries during the last decade 
have started to increase the record of stem-archosaurs in older rocks and 
the available information on the early diversification of the arch-
osauromorphs in western Pangaea during the aftermath of the Per-
mo− Triassic biotic crisis. 
Here we review and update the diversity, distribution, and macro-
evolutionary patterns of the currently known South American stem- 
archosaurs. This state of art of the stem-archosaur record in this conti-
nent may help to detect subsampled areas and time periods for the fossil 
record of the group, and where research effort needs to be focused in the 
following decade. 
2. Materials and methods 
2.1. Phylogenetic analysis 
Two fragmentary South American stem-archosaur specimens were 
scored in the data matrix of Scheyer et al. (2020), the most recent 
iteration of the data matrix of Ezcurra (2016), in order to test quanti-
tatively their phylognenetic position. These specimens are a partial 
braincase (FC-DPV 2641; Ezcurra et al., 2015a) from the Buena Vista 
Formation (late Permian− earliest Triassic?) of Uruguay and a second 
sacral vertebra and rib (CRILAR-Pv 499; Ezcurra et al., 2015b) from the 
Tarjados Formation (Early− Middle Triassic) of Argentina. They were 
described before the publication of the phylogenetic analysis of Ezcurra 
(2016) and have not been included in this matrix so far. Both specimens 
were scored based on first hand observations and the final data set in-
cludes 123 active terminals and 710 active characters (see Supplemen-
tary Information I). 
The data matrix was analysed under equally weighted maximum 
parsimony using TNT v.1.5 (Goloboff et al., 2008; Goloboff and Cata-
lano, 2016). The search strategy started using a combination of the 
tree-search algorithms Wagner trees, TBR branch swapping, sectorial 
searches, Ratchet and Tree Fusing, until 100 hits of the same minimum 
tree length were achieved. The best trees obtained were subjected to a 
final round of TBR branch swapping. Zero length branches in any of the 
recovered most parsimonious trees were collapsed. The following 
characters were considered additive (ordered) during the searches 
because they represent nested sets of homologies: 1, 2, 7, 10, 17, 19–21, 
28, 29, 36, 40, 42, 50, 54, 66, 71, 74–76, 122, 127, 146, 153, 156, 157, 
171, 176, 177, 187, 202, 221, 227, 263, 266, 278, 279, 283, 324, 327, 
331, 337, 345, 351, 352, 354, 361, 365, 370, 377, 379, 386, 387, 398, 
410, 424, 430, 435, 446, 448, 454, 458, 460, 463, 470, 472, 478, 482, 
483, 485, 489, 490, 504, 510, 516, 529, 537, 546, 552, 556, 557, 567, 
569, 571, 574, 581, 582, 588, 648, 652 and 662. Character 119 was 
deactivated before the tree searches, following Ezcurra et al. (2017). 
Branch support was quantified using decay indices (Bremer support 
values) and a bootstrap resampling analysis, using 1000 pseudor-
eplicates and reporting both absolute and GC (i.e., difference between 
the frequencies of recovery of the clade in question and the most 
frequently recovered contradictory clade in the pseudoreplicates) fre-
quencies (Goloboff et al., 2003). 
2.2. Taxonomic and phylogenetic diversity calculations 
The phylogenetic diversity of non-archosaurian archosauromorphs 
was calculated counting the number of species and ghost lineages pre-
sent in an informal supertree built by Pradelli (2020) to include all 
currently known species of the group (Supplementary Information II). 
The phylogenetic diversity was calculated in two supertrees that were 
time-calibrated with different methods in order to explore how the 
calibration affects the results: the minimum branch length method (with 
a minimum branch length of 0.1 My) (Laurin, 2004) and the equal 
paleotree legacy method (Brusatte et al., 2008; Bapst, 2012). In the case 
of the latter calibration, the age of the root of the supertree was set at 
269.3 Ma following the maximum calibration date for the 
Lepidosauromorpha-Archosauromorpha split proposed by Ezcurra et al. 
(2014a). Both calibrations were conducted with the function time-
PaleoPhy() of the package paleotree (Bapst, 2012) written for R (R Core 
Team, 2020). The supertree has polytomies that represent unresolved 
relationships in the original analyses or unconsensual areas between 
topologies of different analyses. These polytomies were randomly 
resolved 100 times with the function multi2di() of the package ape 
(Paradis et al., 2004) written for R. The phylogenetic diversity was 
calculated for each of the 100 fully dichotomic topologies in both 
time-calibrated supertree sets. 
The taxonomic diversity of the South American stem-archosaurs was 
calculated counting the minimum number of currently known species 
and diagnostic specimens (Table 1). The non-South American global 
taxonomic diversity of the group was calculated counting the number of 
species in the non-calibrated supertree minus the taxonomic diversity in 
the South American continent. The taxonomic and phylogenetic di-
versities were calculated with custom functions written for R (Supple-
mentary Information II) and for the following seven time-bins (following 
Ezcurra and Butler, 2018): middle− late Permian (17.4 Myr), Induan 
(0.7 Myr), Olenekian (4.0 Myr), Anisian (5.2 Myr), Ladinian− early 
Carnian (8.0 Myr), late Carnian− early Norian (9 Myr), and middle 
Norian− Rhaetian (23.7 Myr). The comparison between the 
stem-archosaur diversities in South America and the rest of the world 
seeks to inform here on differences of sampling between these regions. 
Nevertheless, it should be kept in mind that the South American Triassic 
continental assemblages are closely linked, both taxonomically and 
geographically, to those of some other regions of southern Pangaea (e.g., 
southern Africa) and they should be considered as single biogeographic 
units at an inter-basin scale (Ezcurra, 2010; Button et al., 2017). The 
same applies for the disparity analyses described below. 
2.3. Body size disparity analysis 
The evolution of body size of the South American stem-archosaurs 
was analysed through time exploring changes in femoral length in the 
following three time bins: Early Triassic (4.7 Myr), Ladinian− early 
Carnian (8.0 Myr), and late Carnian− early Norian (9 Myr). These time 
bins were selected to sample the stem-archosaur record of the Sanga do 
Cabral Supersequence of Brazil (Early Triassic), the Chañares Formation 
of Argentina and the Pinheiros-Chiniquá Sequence of Brazil (Ladi-
nian− early Carnian), and the Ischigualasto and Cacheuta formations of 
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Table 1 
List of non-archosaurian archosauromorph species or probably diagnostic specimens from the Triassic of South America.  
Non-rhynchosaurian, non-eucrocopodan archosauromorphs 
- Cuyosuchus huenei (Reig, 1961) 
Cacheuta Formation, late Carnian− early Norian, Argentina 
- Non-archosauriform crocopodan indet. (Ezcurra et al., 2015b) 
Tarjados Formation, Early− Middle Triassic, Argentina 
- Teyujagua paradoxa (Pinheiro et al., 2016) 
Sanga do Cabral Supersequence, Induan− early Olenekian, Brazil 
- Elessaurus gondwanoccidens (De-Oliveira et al., 2020) 
Sanga do Cabral Supersequence, Induan− early Olenekian, Brazil 
- Tanystropheid-related taxon (De-Oliveira et al., 2018) 
Sanga do Cabral Supersequence, Induan− early Olenekian, Brazil 
Rhynchosauria 
Stenaulorhynchinae 
- Brasinorhynchus mariantensis (Schultz et al., 2016) 
Santa Maria Supersequence, Pinheiros-Chiniquá Sequence, latest Ladinian?− early Carnian, Brazil 
- Unnamed stenaulorhynchine from Chañares (Ezcurra et al., 2013b; 2017) 
Chañares Formation, latest Ladinian?− early Carnian, Argentina 
Hyperodapedontinae 
- Hyperodapedon huenei (Langer and Schultz, 2000b) 
Santa Maria Supersequence, Candelária Sequence, late Carnian, Brazil 
- Hyperodapedon mariensis (Tupi-Caldas, 1933) 
Santa Maria Supersequence, Candelária Sequence, late Carnian, Brazil and maybe Ischigualasto Formation, late Carnian, Argentina 
- Hyperodapedon sanjuanensis (Sill, 1970) 
Ischigualasto Formation, late Carnian, Argentina and Santa Maria Supersequence, Candelária Sequence, late Carnian, Brazil 
- Hyperodapedon nov. sp. (Desojo et al., 2020) 
Ischigualasto Formation, late Carnian, Argentina 
- Teyumbaita sulcognathus (Azevedo and Schultz, 1987) 
Santa Maria Supersequence, Candelária Sequence, latest Carnian− earliest Norian? Brazil 
- Teyumbaita nov. sp. (Desojo et al., 2020) 
Ischigualasto Formation, latest Carnian− earliest Norian? Argentina 
- Unnamed hyperodapedontine from Ischigualasto (Gentil and Ezcurra, 2019) 
Ischigualasto Formation, late Carnian− earliest Norian? Argentina 
Proterosuchidae 
- Proterosuchidae indet. (Ezcurra et al., 2015a; this paper) 
Buena Vista Formation, late Permian− earliest Triassic? Uruguay 
Proterochampsidae 
- Cerritosaurus binsfeldi (Price, 1946) 
Santa Maria Supersequence, Candelária Sequence, late Carnian, Brazil 
- Proterochampsa barrionuevoi (Reig, 1959) 
Ischigualasto Formation, late Carnian− earliest Norian? Argentina 
- Proterochampsa nodosa (Barberena, 1982) 
Santa Maria Supersequence, Candelária Sequence, late Carnian− earliest Norian? Brazil 
- Tropidosuchus romeri (Arcucci, 1991) 
Chañares Formation, early Carnian, Argentina 
Rhadinosuchinae 
- Chanaresuchus bonapartei (Romer, 1971) 
Chañares Formation, early Carnian, Argentina 
- Gualosuchus reigi (Romer, 1971) 
Chañares Formation, early Carnian, Argentina 
- Pseudochampsa ischigualastensis (Trotteyn et al., 2012) 
Ischigualasto Formation, late Carnian, Argentina 
- Rhadinosuchus gracilis (Huene, 1942) 
Santa Maria Supersequence, Candelária Sequence, late Carnian− earliest Norian? Brazil 
- Rhadinosuchinae indet. (Raugust et al., 2013) 
Santa Maria Supersequence, Santa Cruz Sequence, early− middle Carnian, Brazil 
Ichnotaxa 
Early Diapsida (non-saurian diapsid, or early lepidosauromorph or archosauromorph) 
- Rhynchosauroides ispp. (Melchor et al., 2001, 2003; Leonardi et al., 2002; Melchor and de Valais, 2006; da Silva et al., 2008, 2012) 
Talampaya, Tarjados, Ischichuca (= Chañares), and Los Rastros formations of the Ischigualasto-Villa Unión Basin, and Rio do Rasto Formation and Santa María Supersequence, 




- ‘Scaphonyx fischeri’ (Woodward, 1903) 
Santa Maria Supersequence, Candelária Sequence, late Carnian− earliest Norian? Brazil 
- ‘Scaphonyx australis’ (Huene, 1926) 
Santa Maria Supersequence, Candelária Sequence, late Carnian− earliest Norian? Brazil 
- ‘Scaphonyx eurichornus’ (Huene, 1926) 
Santa Maria Supersequence, Candelária Sequence, late Carnian− earliest Norian? Brazil 
- ‘Cephalonia lotziana’ (Huene, 1926) 
(continued on next page) 
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Argentina and the Candelária Sequence of Brazil (late Carnian− earliest 
Norian) (see Section 3.2). Specimens from the probably upper Permian 
Buena Vista Formation were not included because of the absence of 
reliable body size data due to the fragmentary nature of specimens. 
Femoral length was used as a proxy of body size because it was shown 
that this element grows isometrically during archosaur ontogeny 
(Anderson et al., 1985) and has been widely used in similar studies by 
previous authors (e.g., Sookias et al., 2012a, 2012b; Turner and Nesbitt, 
2013; Sengupta et al., 2017). In some cases, we estimated the femoral 
length based on skull or tibial length (Supplementary Information III). 
The maximum available femoral length was used if more than one 
specimen is known for the species. 
Body size disparity was quantified using three metrics for each time 
bin: standard deviation, ranges and median. The standard deviation 
quantifies the internal variability and structure of the data set (i.e., 
morphospace diversity), the median indicates the central position of the 
data set (i.e., position in the morphospace, equivalent to the centroid 
position in a multidimensional data set), and the ranges quantify the 
amplitude of the variable (i.e., size occupied in the morphospace). The 
combination of these metrics allows describing the three main param-
eters of a morphospace (i.e., volume, density and position; Guillerme 
et al., 2020). The presence of significant differences through time for the 
three disparity metrics was determined through 95% confidence in-
tervals generated from 9999 bootstrap resampling replications. The 
femoral length was log-transformed before all analyses, which were 
conducted in the software environment R (R Core Team, 2020) (Sup-
plementary Information III). 
2.4. Entire skeleton disparity analysis 
The morphological diversity of the entire skeleton of the South 
American stem-archosaurs was explored through time using the data set 
of discrete characters published by Ezcurra et al. (2020) for an equiva-
lent analysis, but focused on the global record of non-archosaurian 
archosauromorphs. The data set was cropped to include only the 
South American terminals (character 119 deactivated, see Section 2.1). 
Here we expanded this data set with the scorings of additional South 
American terminals: FC-DPV 2641 (Ezcurra et al., 2015a) from the 
Buena Vista Formation; Elessaurus gondwanoccidens and an indetermi-
nate tanystropheid-related cervical vertebra from the Sanga do Cabral 
Supersequence (De-Oliveira et al., 2018, 2020); the holotype of Hyper-
odapedon sanjuanensis and an indeterminate hyperodapedontine from 
the Ischigualasto Formation (Gentil and Ezcurra, 2019); and Hyper-
odapedon mariensis and the holotype of Hyperodapedon huenei from the 
Santa Maria Supersequence (Supplementary Information IV). 
The data set was used to create a distance matrix using the maximum 
observed rescaled distance (MORD; Lloyd, 2016). The distance matrix 
was used to calculate two pre-ordination disparity measures that esti-
mate the density of the morphospace occupation: the mean pairwise 
distance (MPD) and the weighted mean pairwise distance (WMPD). The 
distance matrix was also used to perform a principal coordinates anal-
ysis (PCoA; Gower, 1966; Legendre and Legendre, 1998) to ordinate the 
data set (Wills, 2001). The Lingoes correction (Lingoes, 1971) was 
applied to the PCoA because of the presence of negative eigenvalues. 
The ordinated matrix was used to calculate four post-ordination 
disparity measures that covered the three main aspects of 
morphospace occupation: average displacement (position), ellipsoid 
volume (volume), and sum of variances and average distance to centroid 
(density) (Guillerme et al., 2020). 
The terminals were pooled into the same time bins as those used in 
the body size analysis (see Section 2.3), but specimens from the Buena 
Vista Formation were also included in the first time bin (thus hereafter 
called late Permian?− Early Triassic for this analysis). The disparity 
measures were calculated for each time bin when possible. The ordi-
nated matrix retained fewer taxa than the original matrix because the 
distance between some very fragmentary taxa could not be calculated 
due to the absence of overlapping characters. These fragmentary taxa 
were excluded before the ordination of the matrix to allow comparisons 
among all terminals. In particular, only Teyujagua paradoxa remained in 
the first time bin, which hindered the calculation of any of the post- 
ordination disparity measures for this time bin. Thus, the MPD and 
the WMPD were the only disparity measures that could be compared 
between all three time bins. 95% confidence intervals were generated 
via bootstrap with 1001 replications to assess differences between time 
bins for all disparity measures. All analyses were done with the software 
environment R version 3.6.3 (R Core Team, 2020), using functions from 
the Claddis (Lloyd, 2016, 2018) and dispRity (Guillerme, 2018) 
packages. 
2.5. Institutional abbreviations 
CA, Colégio Anchieta, Porto Alegre, Brazil; CAPPA/UFSM, Centro de 
Apoio à Pesquisa Paleontológica da Quarta Colônia, São João do 
Polêsine, Brazil; CRILAR-Pv, Centro Regional de Investigaciones y 
Transferencia Tecnológica de La Rioja, Paleontología de Vertebrados, 
Anillaco, La Rioja, Argentina; FC-DPV, Vertebrados Fósiles, Facultad de 
Ciencias, Montevideo, Uruguay; MACN-Pv, Museo Argentino de Cien-
cias Naturales ‘Bernardino Rivadavia’, Paleovertebrados, Buenos Aires, 
Argentina; MCNAM, Museo de Ciencias Naturales y Antropológicas de 
Mendoza (J. C. Moyano), Mendoza, Argentina; MCN, Museu de Ciências 
Naturais, Fundação Zoobotânica do Rio Grande do Sul, Porto Alegre, 
Brazil; MCP, Museu de Ciências e Tecnologia da Pontifícia Universidade 
Católica do Rio Grande do Sul, Porto Alegre, Brazil; PULR, Paleon-
tología, Universidad Nacional de La Rioja, La Rioja, Argentina; PVL, 
Paleontología de Vertebrados, Instituto ‘Miguel Lillo’, San Miguel de 
Tucumán, Argentina; PVSJ, División de Paleontología de Vertebrados 
del Museo de Ciencias Naturales y Universidad Nacional de San Juan, 
San Juan, Argentina; SNSB-BSPG, Staatliche Naturwissenschaftliche 
Sammlungen Bayerns-Bayerische Staatssammlung für Paläontologie 
und Geologie, Munich, Germany; UFRGS, Universidade Federal do Rio 
Grande do Sul, Porto Alegre, Brazil; UFSM, Universidade Federal de 
Santa Maria, Santa Maria, Brazil; UNIPAMPA, Universidade Federal do 
Pampa, São Gabriel, Brazil. 
3. Results and discussion 
3.1. Overall results of the phylogenetic analysis 
The analysis of the modified data matrix recovered 4515 most 
parsimonious trees (MPTs) of 3864 steps, with a consistency index (CI) 
of 0.2399 and a retention index (RI) of 0.6463. The topology of the strict 
consensus tree (SCT) is congruent with that recovered in the previous 
Table 1 (continued ) 
Santa Maria Supersequence, Candelária Sequence, late Carnian− earliest Norian? Brazil 
- ‘Caphalastronius augustispinatus’ (Huene, 1926) 
Santa Maria Supersequence, Candelária Sequence, late Carnian− earliest Norian? Brazil 
- ‘Cephalastron gondwanicum’ (Huene, 1926) 
Santa Maria Supersequence, Candelária Sequence, late Carnian− earliest Norian? Brazil 
- ‘Cephalastron brasiliense’ (Huene, 1926) 
Santa Maria Supersequence, Candelária Sequence, late Carnian− earliest Norian? Brazil  
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version of this data matrix (Scheyer et al., 2020) but, contrasting with 
previous results of the data set, there is a massive polytomy composed of 
non-archosauriform crocopodans. Two clades of allokotosaurians are 
only recovered within this polytomy and these unresolved relationships 
are as a result of the multiple alternative positions that the specimen 
from the Tarjados Formation (CRILAR-Pv 499) has among the MPTs. By 
contrast, the other terminal included here, the partial braincase from the 
Buena Vista Formation (FC-DPV 2641), shows a more constrained 
phylogenetic position, being found within Proterosuchidae in a poly-
tomy with the other species of the clade. The phylogenetic positions 
recovered for these two specimens are discussed in more detail below 
(see Section 3.3). 
3.2. Chronostratigraphic background of the stem-archosaur-bearing units 
3.2.1. Ischigualasto-Villa Unión Basin (Argentina) 
The Ischigualasto-Villa Unión Basin crops out in the San Juan and La 
Rioja provinces of northwestern Argentina and it is one of the most 
fossiliferous Triassic continental basins worldwide (Fig. 1). This is a 
northwestern-southeastern-trending rift basin entirely filled with con-
tinental sediments, reaching a maximum thickness of approximately 
4000 m (e.g., Milana and Alcober, 1994; Kokogiá et al., 1999). The 
Ishchigualasto-Villa Unión Basin is divided into the following forma-
tions from the oldest to the youngest: Talampaya, Tarjados, Chañares 
(=Ischichuca), Los Rastros, Ischigualasto, and Los Colorados formations. 
Stem-archosauromorph body fossils are known from the Tarjados, 
Chañares, and Ischigualasto formations (e.g., Bonaparte, 1997; Ezcurra 
et al., 2015b), whereas potential archosauromorph ichnofossils have 
been described for the Talampaya, Tarjados, Ischichuca, and Los Rastros 
formations (Melchor and de Valais, 2006) (Fig. 2). 
The deposition of the Talampaya Formation has been historically 
considered to occur during the Early Triassic. However, a recent 
radioisotopic date of a sample collected in the upper part of the 
Talampaya Formation yielded an age of 252.38 (+0.09/-0.22) Ma, 
indicating that the deposition of this unit and, therefore, the base of the 
Ischigualasto-Villa Unión Basin took part during the late Permian, or 
even before, and continued into the Early Triassic (Gulbranson et al., 
2015) (Fig. 2). The directly overlying unit, the Tarjados Formation, lacks 
radioisotopic dates and its age is constrained by the ages of the datings of 
the Talampaya and Chañares formations. As a result, the Tarjados For-
mation should be considered Early to Middle Triassic in age until further 
evidence is available. The very poor fossil record of the upper levels of 
the Tarjados Formation is congruent with a Middle Triassic age (Ezcurra 
et al., 2015b). The Chañares Formation has been historically considered 
Ladinian in age, but recent radioisotopic dates of four different levels of 
the unit yielded an early Carnian age (236.1 ± 0.6–233.6 ± 1.1 Ma; 
Marsicano et al., 2016; Ezcurra et al., 2017). These dated samples range 
from at least 10 m above the base of the formation (the rock thickness 
below the dated sample may be higher in other localities) to close to its 
top and, as a result, the base of the unit remains unconstrained and may 
extend into the Ladinian (Ezcurra et al., 2017). The lower member of the 
Chañares Formation has been divided into two tetrapod biozones: the 
Tarjadia Assemblage Zone (AZ) and the younger Massetognathus-Cha-
naresuchus AZ (Fiorelli et al., 2013; Ezcurra et al., 2017). The latter AZ is 
constrained between 236.2 ± 1.1–233.7 ± 0.4 Ma and the Tarjadia AZ is 
immediately older and probably include the Ladinian− Carnian bound-
ary (237 Ma) (Ezcurra et al., 2017; Fiorelli et al., 2018) (Fig. 2). Both AZ 
yielded stem-archosaur specimens. 
The base of the Los Rastros Formation is temporally constrained by 
the radioisotopic dates of the upper member of the Chañares Formation. 
The top of the Los Rastros Formation is constrained by a recent date of 
230.2 ± 1.9 Ma for the start of deposition of the Ischigualasto Formation 
based on a Bayesian age model (Desojo et al., 2020) and a radioisotopic 
date of 231.4 ± 0.3 Ma from close to the base of the Ischigualasto For-
mation (Rogers et al., 1993; Furin et al., 2006) (Fig. 2). Samples taken 
close to the top of the overlying Ischigualasto Formation have been 
Fig. 1. Map of southern South America showing stem-archosaur-bearing locations and their non-archosaurian archosauomorph fossil content. Scale bar equals 
500 km. 
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radioisotopically dated to 225.9 ± 0.9 Ma in the Ischigualasto Provincial 
Park, San Juan Province (Martínez et al., 2011), and to 221.82 ± 0.1 Ma 
in the Hoyada del Cerro Las Lajas locality, La Rioja Province (Desojo 
et al., 2020). These dates indicate that the Carnian− Norian boundary 
(227 Ma) is present in the unit (Fig. 2) and that the time of deposition of 
the Ischigualasto Formation varied along the basin (Desojo et al., 2020). 
A Bayesian age model inferred that the end of deposition of the Ischi-
gualasto Formation occurred 221.4 ± 1.2 Ma based on the dated samples 
of the Hoyada del Cerro Las Lajas locality (Desojo et al., 2020). The 
tetrapod assemblage of the Ischigualasto Formation has been subdivided 
into three biozones in the Ischigualasto Provincial Park: the Scapho-
nyx-Exaeretodon-Herrerasaurus biozone, the Exaeretodon biozone, and 
the Jachaleria biozone (Martínez et al., 2011). Unfortunately, these 
biozones are not temporally constrained between each other by radio-
isotopic dates. The recent description of the tetrapod assemblage of the 
Ischigualasto Formation in the Hoyada del Cerro Las Lajas led to the 
recognition of two biozones based on their rhynchosaur content: a lower 
Hyperodapedon biozone and an upper Teyumbaita biozone (Desojo et al., 
2020). The Hyperodapedon biozone is constrained between 229.25 ±
0.10 Ma (radioisotopic date) and 227.94 + 0.83/− 1.67 Ma (Bayesian 
model age), whereas the Teyumbaita biozone directly overlies it and 
extends up to 227.24 + 1.27/− 1.97 Ma (Bayesian model age) (Desojo 
et al., 2020). Desojo et al. (2020) interpreted that the two biozones of the 
Hoyada del Cerro Las Lajas would be equivalent to the Scaphonyx-Ex-
aeretodon-Herrerasaurus biozone of the Provincial Park. Stem-archosaurs 
occur in the first biozone and the lower half of the second biozone of the 
Provincial Park (Martínez et al., 2013), and both biozones of the Hoyada 
del Cerro Las Lajas (Desojo et al., 2020). Thus, the record of the group in 
the Ischigualasto Formation probably reaches the Carnian− Norian 
boundary (Desojo et al., 2020). 
3.2.2. Paraná Basin (Brazil) 
The Paraná Basin is a northeast-southwest-elongated cratonic basin 
that was deposited between the Late Ordovician and Late Cretaceous 
and covers an area of approximately 1,700,000 km2 in Paraguay, 
Uruguay, Argentina, and Brazil (Horn et al., 2014). The Permo− Triassic 
rock sequence of the Paraná Basin in the Rio Grande do Sul State is 
extremely rich in tetrapod fossils (e.g., Huene, 1942; Langer et al., 2007) 
(Fig. 1) and, together with the Ischigualasto-Villa Unión Basin of 
northwestern Argentina, has built the bulk of information of the evo-
lution of life in the continental assemblages of western Pangaea during 
the Triassic. The Paraná Basin is divided into first to third order se-
quences (Zerfass et al., 2003, 2004) and stem-archosaur specimens have 
been described from the following, from the oldest to the youngest, 
middle− upper Permian to Upper Triassic units: Rio do Rasto Formation, 
Sanga do Cabral Supersequence, Pinheiros-Chiniquá Sequence, Santa 
Cruz Sequence, and Candelária Sequence (the latter three are included 
in the Santa Maria Supersequence) (Fig. 2). No direct contact has been 
reported among these sequences (Horn et al., 2014). 
The Barro Alto locality (within the Capão Alto farm) of the Rio do 
Rasto Formation has been temporally correlated to the Tapinocephalus 
AZ of the South African Karoo Basin based on long-range continental 
Fig. 2. Chronostratigraphy of stem-archosaur-bearing formations, and tetrapod Assemblage Zones (AZ) and biozones of South America. Asterisks indicate recent 
radioisotopic datings, the bones indicate stem-archosaur body fossil occurrence, and the imprints indicate occurrence of Rhynchosauroides ispp. (which may belong to 
a non-saurian diapsid, or an early lepidosauromorph or archosauromorph). Abbreviations: 1, Tarjadia AZ; 2, Massetognathus-Chanaresuchus AZ; 3, Scaphonyx- 
Exaeretodon-Herrerasaurus biozone (Ischigualasto Provincial Park); 4, Hyperodapedon biozone (Hoyada del Cerro Las Lajas); 5, Teyumbaita biozone (Hoyada del Cerro 
Las Lajas and Candelária Sequence); 6, Exaeretodon biozone (Ischigualasto Provincial Park); 7, Jachaleria biozone (Ischigualasto Provincial Park); 8, Procolophon AZ; 
9, Dinodontosaurus AZ; 10, Santacruzodon AZ; 11, Hyperodapedon AZ; 12, Hyperodapedon Acme Zone; 13, Riograndia AZ. 
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vertebrate biostratigraphy (Cisneros et al., 2011). The top of the Tapi-
nocephalus AZ is constrained by a radioisotopic date of 260.259 ± 0.081 
Ma and a date from lower levels yielded an age of 261.241 ± 0.088 Ma, 
but its lower boundary remains temporally unconstrained (Day et al., 
2015). As a result, at least part of the known fossil-bearing localities 
from the southern portion of the Rio do Rasto Formation should be 
assigned to the middle− late Capitanian (late middle Permian) based on 
the biostratigraphic correlation with the South African AZ. 
The Sanga do Cabral Supersequence records a single tetrapod 
assemblage, the Procolophon AZ, and is correlated to the upper portions 
of the Lystrosaurus AZ of the South African Karoo Basin (‘Procolophon 
Abundance zone’) because of the presence of abundant remains of the 
parareptile Procolophon trigoniceps and the so far absence of the dicyn-
odont Lystrosaurus (Dias-da-Silva et al., 2006; Dias-da-Silva et al., 2017). 
A recent radioisotopic date has temporally constrained the base of the 
Lystrosaurus AZ in 251.7 ± 0.3 Ma (Botha et al., 2020), but its boundary 
with the overlying, probably Anisian, Cynognathus AZ remains uncon-
strained. Thus, the Lystrosaurus AZ ranges from the earliest Triassic to 
probably the Olenekian [Botha et al., 2020; but see Gastaldo et al. 
(2020) for an alternative interpretation that this AZ starts in the latest 
Permian based on a radioisotopic date of 252.24 ± 0.11 Ma]. As a result, 
the Sanga do Cabral Supersequence is likely late Induan− ?early Ole-
nekian in age (Fig. 2). 
The Dinodontosaurus AZ of the Pinheiros-Chiniquá Sequence has 
been historically correlated to the Chañares Formation of the 
Ischigualasto-Villa Unión Basin and, thus, it is assigned to the latest 
Ladinian?− early Carnian (Marsicano et al., 2016; Ezcurra et al., 2017). 
This hypothesis is congruent with the radioisotopic date of approxi-
mately 236 Ma of a sample of the overlying Santa Cruz Sequence 
(Philipp et al., 2018) (Fig. 2). The uncertainty around the maximum age 
of the Chañares Formation is extended to the lower age of the Dino-
dontosaurus AZ. Ezcurra et al. (2017) and Martinelli et al. (2017) 
concluded that the Dinodontosaurus AZ of the Pinheiros-Chiniquá 
Sequence may include more than one faunistic assemblage, as occurs in 
the lower member of the Chañares Formation, but most specimens, 
mainly from historic collections, lack precise occurrence data to deter-
mine it. The top of the Santa Cruz Sequence and its Santacruzodon AZ is 
constrained by a radioisotopic date of 233.23 ± 0.73 Ma of a sample of 
the overlying Hyperodapedon AZ (Langer et al., 2018). As a consequence, 
the Santacruzodon AZ should be considered early− middle Carnian in age 
(Fig. 2). 
The Candelária Sequence includes two biozones, the older Hyper-
odapedon AZ and the younger Riograndia AZ. The Hyperodapedon AZ has 
been temporally correlated to the Scaphonyx-Exaeretodon-Herrerasaurus 
biozone and the Hyperodapedon biozone of the Ischigualasto Formation 
(Langer, 2005; Desojo et al., 2020), but the recent radioisotopic date of 
233.23 ± 0.73 Ma suggests that at least part of it may be approximately 
2 My older (Langer et al., 2018) (Fig. 2). A sample from the overlying 
Riograndia AZ has been dated in 225.42 ± 0.37 Ma, thus temporally 
constraining the top of the Hyperodapedon AZ and indicating that it is as 
a maximum late Carnian− lowermost Norian in age. Contrasting with the 
other AZs of the Paraná Basin, no stem-archosaur specimen has been 
collected so far from the Riograndia AZ. 
3.2.3. Norte Basin (Uruguay) 
The extension of the Paraná Basin in Uruguay is called the Norte 
Basin and includes a rock sequence deposited from the Carboniferous to 
prior to or short after the Permo− Trassic boundary (De Santa Ana et al., 
2006; Ernesto et al., 2020). The Buena Vista Formation crops out in the 
northeastern region of the country and represents the top of the Cerro 
Largo Group (Bossi, 1966; Goso, 1995; Goso et al., 1996; De Santa Ana 
et al., 2006) (Fig. 1). The Buena Vista Formation has been laterally 
correlated to the Sanga do Cabral Supersequence of Brazil (Andreis 
et al., 1996), but there is substantial debate on the similarities of their 
fossil assemblages and coeval depositions. Some authors have assigned 
the Buena Vista Formation to the late Permian based of some 
components of its fossil content (Piñeiro and Ubilla, 2003; Piñeiro et al., 
2003; Piñeiro et al., 2007a, b, c, 2012), whereas others consider it Early 
Triassic in age also based on biostratigraphic evidence and its supposed 
lateral correlation with the Sanga do Cabral Supersequence (Bossi and 
Navarro, 1991; Dias-da-Silva et al., 2006). Ernesto et al. (2020) have 
recently dated this formation as late Permian based mainly on magne-
tostratigraphic data and concluded that the Permo− Triassic boundary 
might be absent in Uruguay (Fig. 2). Fragmentary stem-archosaur re-
mains have been described from the Buena Vista Formation (Ezcurra 
et al., 2015a). 
3.2.4. Cuyana Basin (Argentina) 
The Cuyana Basin is a Permo− Triassic passive continental rift that 
crops out in the Mendoza and San Juan provinces of western Argentina. 
It is composed of the Puntudo, Rincón Blanco and Cacheuta subbasins, 
which altogether crop out over an area of more than 60,000 km2 (Bar-
redo, 2012). The basin is formed by a succession of up to 3700 m of 
alluvial, fluvial, and lacustrine continental rocks interbedded with tuffs 
of coeval volcanism (Ramos and Kay, 1991; Barredo, 2012). 
Stem-archosaur specimens are scarce in the Cuyana Basin, being recor-
ded only in the Cerro Puntudo Formation of the Puntudo Subbasin and 
Cacheuta Formation of the Cacheuta Subbasin (Figs. 1 and 2). 
Radioisotopic dates have constrained the age of the Cerro Puntudo 
Formation between 249.8 ± 2.5 Ma and 243.8 ± 1.9 Ma (Mancuso et al., 
2010; Teixeira et al., 2018), thus indicating a deposition time that took 
1.6–10.4 My taking into account dating errors, spanning the latest 
Permian− earliest Ladinian as maximum and the latest Olene-
kian− middle Anisian as minimum ages (Fig. 2). Mancuso et al. (2010) 
described that the palynological assemblage of the Cerro Puntudo For-
mation resembles that of the lacustrine levels of the Cerro de Las Cabras 
Formation of the Cacheuta Subbasin, thus suggesting an Anisian age. 
The Cacheuta Formation has been assigned to the late Carnian based on 
a radioisotopic date of 230.3 ± 2.3 Ma for the middle levels of the un-
derlying Potrerillos Formation (Spalletti et al., 2008) (Fig. 2). There is no 
current upper constraint for the age of the Cacheuta Formation, thus we 
follow a more conservative late Carnian− earliest Norian age for the unit 
(Ezcurra et al., 2013). 
3.3. The stem-archosaur record of South America 
The reader is referred to Ezcurra et al. (2020) for a broader review of 
the group, including their diversity, distribution, higher-level phyloge-
netic relationships, ecology and macroevolution at a global level. Here 
we will provide a detailed review and discussion of the Permo-Triassic 
stem-archosaur fossil record of South America. 
3.3.1. Possible Permian archosauromorphs 
The Permo− Triassic boundary (PTB) represents an inflection point in 
the early evolution of archosauromorphs. Indeed, the fossil record of this 
clade is exceptionally scarce worldwide before the PTB, contrasting with 
the situation during the Triassic and the rest of the Mesozoic. Pre- 
Triassic archosauromorphs are restricted to the late Permian, but with 
possible records also extending into the late middle Permian (Taylor 
et al., 2009; Ezcurra et al., 2014a; Martinelli et al., 2017), and with only 
four nominal species known so far: the early-diverging taxa Proto-
rosaurus speneri and Aenigmastropheus parringtoni, the putative arch-
osauriform Eorasaurus olsoni, and the proterosuchid archosauriform 
Archosaurus rossicus (Ezcurra et al., 2014a; Ezcurra, 2016). Despite this 
scarcity of very early members of the clade, the South American fossil 
record has yielded some probable Permian archosauromorph specimens. 
Martinelli et al. (2017) described an isolated distal end of humerus from 
the middle Permian Rio do Rasto Formation of the Paraná Basin in 
southern Brazil. They concluded that this specimen likely belongs to 
Archosauromorpha because of the absence of entepicondylar and ecte-
picondylar foramina, and other features resemble more the condition in 
tanystropheids than to other members of the clade. The fragmentary 
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nature of the specimen forces to wait for more complete specimens to 
determine more confidently the presence of archosauromorphs in the 
middle Permian of Brazil. The ichnofossil tetrapod assemblage of the Rio 
do Rasto Formation includes traces that have been referred to Rhyn-
chosauroides isp. (Leonardi et al., 2002) and more recently da Silva et al. 
(2012) considered them as belonging to the new ichnospecies Rhyn-
chosauroides gangresci. da Silva et al. (2012) discussed the possible 
trackmakers of this ichnospecies and concluded that they can be iden-
tified only as a basal diapsid. This is in congruence with previous 
alternative determinations of the Rhynchosauroides trackmakers as 
non-saurian diapsids (e.g., Araeoscelidae; Conti et al., 1977), early lep-
idosauromorphs (e.g., Rhynchocephalia; Peabody, 1948; Demathieu and 
Haubold, 1972; da Silva et al., 2008), or non-archosauriform arch-
osauromorphs (e.g., ‘Prolacertiformes’; Avanzini and Renesto, 2002). As 
a result, the occurrence of archosauromorphs in the Rio do Rasto For-
mation based on the presence of Rhynchosauroides is, at best, ambiguous. 
The Buena Vista Formation of the Norte Basin in northeastern 
Uruguay has recently yielded interesting archosauromorph specimens. 
Ezcurra et al. (2015a) described a partial occiput composed of fused 
basioccipital and exoccipitals, and three cervical vertebrae, which lack 
evidence of association among each other (Fig. 3A− E, I). The cervical 
vertebrae are elongated and possess a morphology that closely re-
sembles that of early-branching, non-archosauriform arch-
osauromorphs. The partial braincase (FC-DPV 2641; Fig. 3A− C) shares 
similarities with proterosuchid archosauriforms (Ezcurra et al., 2015a) 
and the result of our phylogenetic analysis bolsters this observation. 
Indeed, FC-DPV 2641 is recovered within Proterosuchidae in all the 
most parsimonious trees, in a polytomy together with ‘Chasmatosaurus’ 
yuani and species of the genus Proterosuchus (Fig. 4). The placement of 
the Buena Vista Formation specimen within Proterosuchidae is sup-
ported by the presence of vertical basal tubera of the basioccipital in 
posterior view. This partial braincase represents the only evidence of 
Fig. 3. Possible Permian and Early Triassic archosauromorphs from the (A− E, I) Buena Vista Formation and (F–H, J− Q) Sanga do Cabral Supersequence of South 
America. (A–C) Proterosuchidae indet. partial braincase (FC-DPV 2641); (D, E, I) indeterminate archosauromorph middle-posterior cervical vertebra (FC-DPV 2639); 
(F–H) tanystropheid-related anterior cervical vertebra (UFRGS-PV-492-T); (J–L) holotype of Teyujagua paradoxa (UNIPAMPA 653); (M–O) holotype of Elessaurus 
gondwanoccidens (UFSM/CAPPA 11471), showing (M) whole specimen, (N) sacral and anterior caudal vertebrae, and part of the left ilium and femur, and (O) left 
tarsus and pes; (P) indeterminate archosauromorph anterior dorsal vertebra (UFSM 11394); and (Q) indeterminate archosauromorph partial left ilium (UFSM 11444) 
in (A) posterior, (B, F, J) right lateral, (C, H, I, O) ventral, (D, K, P) left lateral, (E) anterior, (G, L, N) dorsal, (M) dorsal and slightly left lateral, and (Q) lateral views. 
Arrows indicate anterior direction. Abbreviations: as, astragalus; bt, basal tuber; ct, calcaneal tuber; cv, caudal vertebra; diIII, pedal digit III; emf, external 
mandibular fenestra; exn, external naris; exo, exoccipital; f.ri, facet for rib; fe, femur; fi, fibula; il, ilium; itf, infratemporal fenestra; lk, lateral keel; mttII, metatarsal II; 
mttV, metatarsal V; ns, neural spine; oc, occipital condyle; or, orbit; poz, postzygapophysis; pp, parapophysis; prp, preacetabular process; prz, prezygapophysis; pup, 
pubic peduncle; sac, supraacetabular crest; stf, supratemporal fenestra; sv2, sacral vertebra 2; ti, tibia; vk, ventral keel. Scale bars equal 0.5 cm in (A–I), 2 cm in (J–L), 
and 1 cm in (M–Q). 
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proterosuchids in South America because a previous putative record of 
the group in the Cuyana Basin (Koilamasuchus gonzalezdiazi Ezcurra 
et al., 2010; Bonaparte, 1981) has been reinterpreted as a probable 
pseudosuchian archosaur (Ezcurra, 2016). 
Permian proterosuchids are known from the late Changhsingian of 
Russia (Tatarinov, 1960). Thus, FC-DPV 2641 may represent an addi-
tional component of the pre-Triassic record of this clade. The tetrapod 
assemblage of the Buena Vista Formation shows evidence for the pres-
ence of at least two archosauromorph lineages in the unit and it may 
represent the first case of sympatry between two groups of this clade in 
Permian assemblages worldwide. However, these interpretations should 
be taken with caution because of the substantial debate that exist 
regarding the alternative Early Triassic age of the unit (e.g., Bossi and 
Navarro, 1991; Dias-da-Silva et al., 2006, 2017; see Section 3.2.3). 
3.3.2. Early Triassic archosauromorphs 
Despite the obvious relevance of the biotic recovery from the Per-
mo− Triassic mass extinction to the reshaping of Mesozoic assemblages, 
not much attention has been historically given to the Lower Triassic 
Sanga do Cabral Supersequence of the Paraná Basin in southern Brazil. 
This sedimentary succession yielded the only unambiguous records of 
Early Triassic archosauromorphs in South America and represents a 
unique window to the Early Triassic terrestrial faunas because most of 
the published data on the post-extinction recovery comes from South 
African (e.g., Botha and Smith, 2006; Smith and Botha-Brink, 2014; 
Roopnarine et al., 2017, 2019; Botha et al., 2020; Gastaldo et al., 2020) 
and Russian (e.g., Benton et al., 2004) deposits. 
Despite still considerably underexplored, the fossil record of the 
Sanga do Cabral Supersequence has already contributed with relevant 
information on the early radiation of the Archosauromorpha, yielding 
two nominal archosauromorph species and indicating the presence of 
other lineages. The first published reports of archosauromorph remains 
from the Sanga do Cabral Supersequence were a few elongate cervical 
vertebrae (Fig. 3F− H) that were briefly described and, at that time, 
attributed to ‘Protorosauria’, a broadly polyphyletic group that included 
long-necked and gracile early archosauromorphs (Dias-da-Silva, 1998; 
Langer and Lavina, 2000). Following the recent discovery of similar 
vertebrae in the same geological unit, De-Oliveira et al. (2018) reval-
uated these specimens and found them as sister-taxa to the Tanystro-
pheidae in a cladistics analysis, which is supported by the strong 
elongation of the bone, dorsoventrally low neural spines, and lateral 
longitudinal keels on the centrum. This discovery has important impli-
cations for the origin of tanystropheids, expanding the geographic dis-
tribution of tanystropheid-related taxa during the Early Triassic and 
shortening the temporal gap with the inferred Permian origin of the 
branch leading to Tanystropheidae (De-Oliveira et al., 2018). 
In the last two decades, renewed interest in the tetrapod assemblage 
of the Sanga do Cabral Supersequence led to the recognition of new 
exposures with a higher abundance of archosauromorph remains when 
compared to previously known, classic outcrops. The Bica São Tomé site, 
originally described by Da-Rosa et al. (2009), stands out for its richness 
and good preservation of specimens. In the first report of fossils from this 
locality, Da-Rosa et al. (2009) described and illustrated interesting 
archosauromorph remains, including an ilium and several vertebrae 
with different preservation states (Fig. 3P, Q). Although not reaching a 
low-level taxonomic identification, these authors highlighted the 
resemblance of these specimens to early archosauriforms, such as Pro-
terosuchus, Euparkeria and Erythrosuchus (Da-Rosa et al., 2009). Similar 
specimens were later recovered from this same outcrop and are 
currently under study (FLP pers. obs.). Additional vertebrae were illus-
trated by Dias-da-Silva and Da-Rosa (2011) from the Granja Palmeiras 
site of the same unit. They highlighted their resemblance to those 
described by Da-Rosa et al. (2009) and referred them to Arch-
osauromorpha indet. 
An exciting addition to the South American non-archosaurian arch-
osauromorph record was the discovery, in 2015, of the holotype of 
Teyujagua paradoxa (Pinheiro et al., 2016) (Fig. 3J− L). This specimen 
was recovered from the Bica São Tomé site, being the best-preserved 
Fig. 4. Strict reduced consensus tree showing the 
phylogenetic relationships of non-eucrocopodan 
crocopodans recovered here after the a posteriori 
pruning of CRILAR-Pv 499. The alternative positions 
that CRILAR-Pv 499 adopt in the most parsimonious 
trees are shown with a red dot. The values above each 
non-terminal branch are Bremer support and absolute 
and GC bootstrap frequencies, respectively. Abbrevi-
ations: PROTERO., Proterosuchidae; RHYNCHO., 
Rhynchosauria. (For interpretation of the references 
to colour in this figure legend, the reader is referred 
to the Web version of this article.)   
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fossil from the Sanga do Cabral Supersequence discovered so far. It 
comprises a complete skull with articulated lower jaw and some cervical 
elements, with only little evidence of deformation. Teyujagua paradoxa 
revealed to be a key taxon to understand the evolution of character 
states towards the origin of Archosauriformes. It possesses a unique 
combination of character states, with a mosaic of typical archosauriform 
and non-archosauriform cranial features. Teyujagua paradoxa lacks an 
antorbital fenestra and has an open infratemporal fenestra, as occurs in 
other non-archosauriform archosauromorphs. By contrast, this species 
shares with archosauriforms, but not with earlier archosauromorphs, the 
presence of finely serrated teeth and a lateral mandibular fenestra. 
Accordingly, Teyujagua paradoxa was recovered as one of the most im-
mediate sister-taxa to Archosauriformes by Pinheiro et al. (2016, 2020) 
(Fig. 4). X-ray microcomputed tomography imaging of the holotype of 
Teyujagua paradoxa allowed a full assessment of the specimen, revealing 
the development of pneumaticity associated to the maxillae, nasals and 
lacrimals, which was interpreted by Pinheiro et al. (2020) as an early 
step towards the emergence of the characteristic antorbital fenestrae of 
archosauriforms. 
Approximately a year after the discovery of the holotype of Teyuja-
gua paradoxa, a fairly complete archosauromorph postcranium was 
recovered from the Bica São Tomé site. Initial preparation of the cervical 
vertebrae revealed a perfect correspondence with the morphology of the 
holotype of Teyujagua paradoxa, leading to believe that this additional 
material corresponds to the very same specimen (FLP pers. obs.). If this 
assumption results to be correct, the holotype of Teyujagua paradoxa 
would become the first fairly complete skeleton recovered from the 
Sanga do Cabral Supersequence and one of the most anatomically 
informative Early Triassic archosauromorph specimens worldwide, 
paralleling discoveries in South Africa and China. 
Another notable archosauromorph specimen from the Sanga do 
Cabral Supersequence was also collected in the Bica São Tomé outcrop. 
This specimen was used as the basis of erecting the new genus and 
species Elessaurus gondwanoccidens and it is represented by a partial 
skeleton composed of an almost complete hindlimb, pelvic girdle, sacral 
and caudal vertebrae (Fig. 3M–O) (De-Oliveira et al., 2020). Phyloge-
netic assessment of Elessaurus gondwanoccidens recovered it as the 
sister-taxon to the Tanystropheidae and, together with the vertebrae 
described by De-Oliveira et al. (2018), may represent one of the oldest 
records of tanystropheid-related taxa worldwide. 
An additional Early− Middle Triassic South American arch-
osauromorph specimen is a partial pelvic girdle from the Cerro Puntudo 
Formation of the Cuyana Basin in western Argentina that was very 
briefly reported in an abstract (Mancuso et al., 2006). The late Per-
mian− Early Triassic archosauromorph record might extend into the 
Talampaya Formation of the Ischigualasto-Villa Unión Basin based on 
the presence of traces referred to Rhynchosauroides isp. (Melchor and de 
Valais, 2006), but their inference as belonging to archosauromorphs is 
ambiguous (da Silva et al., 2012). 
3.3.3. Middle Triassic archosauromorphs 
Until recently, it was thought that the Chañares Formation of the 
Ischigualasto-Villa Unión Basin was one of the best sources of infor-
mation worldwide of a late Middle Triassic continental ecosystem 
(Rogers et al., 2001; Mancuso et al., 2014). However, the recent rein-
terpretation that this unit was deposited mostly or completely during the 
early Late Triassic changed drastically this view about the Middle 
Triassic fossil record in South America, as well as Africa (Marsicano 
et al., 2016; Ezcurra et al., 2017). Nowadays, the Middle Triassic record 
of archosauromorphs in South America is even poorer than that from the 
Early Triassic. Ezcurra et al. (2015b) described an isolated, arch-
osauromorph second sacral vertebra and rib (CRILAR-Pv 499) from the 
Lower?− Middle Triassic upper levels of the Tarjados Formation of 
northwestern Argentina (Fig. 5A, C, D), which represents the oldest 
member of the clade from the basin. These authors concluded that this 
specimen was an archosauromorph more derived than Protorosaurus and 
tanystropheids, but more basal than erythrosuchids and more crown-
ward archosauriforms, because of the presence of a bifurcated second 
sacral rib, with a squared posterolateral process. Indeed, this combina-
tion of character states is also present in early rhynchosaurs (e.g., 
Noteosucus coletti, Mesosuchus browni, Howesia browni) and the prola-
certid Prolacerta broomi (Ezcurra et al., 2015b). 
Our updated phylogenetic analysis found CRILAR-Pv 499 in a 
massive polytomy composed of non-archosauriform crocopods, 
including rhynchosaurs, allokotosaurs, prolacertids, and Teyujagua 
paradoxa (Fig. 4). CRILAR-Pv 499 is recovered as a crocopod because of 
the presence of a squared posterolateral process of a bifurcated second 
sacral rib, and it is excluded from Archosauriformes because of the 
absence of the tapering posterolateral process of the second sacral rib 
that is present in proterosuchids and Cuyosuchus huenei (Ezcurra, 2016). 
The absence of phylogenetically informative characters in CRILAR-Pv 
499 does not allow constraining further the position of this specimen 
and, among the most parsimonious trees, it lies as an allokotosaur, a 
rhychosaur, a prolacertid, the sister-taxon of Teyujagua paradoxa, Tas-
maniosaurus triassicus, or Boreopricea funerea, the earliest branching 
crocopod, or in the branches between these taxa (Fig. 4). 
Mancuso et al. (2010) preliminary reported the discovery of an 
archosaur vertebra from the Tarjados Formation. In addition, the ich-
nofossil assemblage of the Tarjados Formation includes traces referred 
to the early diapsid –potentially archosauromorph− ichnogenus 
Fig. 5. Non-rhynchosaur, non-proterochampsid Middle Triassic and Late Triassic archosauromorphs of South America. (A, C, D) Indeterminate non-eucrocopodan 
archosauromorph (CRILAR-Pv 499) in (A) anterior, (C) ventral, and (D) dorsal views; and (B) holotype of Cuyosuchus huenei (MCNAM 2669) in lateral/dorsolateral 
view. Arrows indicate anterior direction. Abbreviations: ce, centrum; f.il, facet for ilium; nc, neural canal; pp, posterolateral process of the sacral rib; sri, sacral rib. 
Scale bars equal 5 mm in (A, C, D) and 5 cm in (B). 
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Rhynchosauroides isp. (Melchor and de Valais, 2006). 
3.3.4. Rhynchosauria 
3.3.4.1. The Brazilian record. The currently known Brazilian rhyncho-
saurs are restricted to the Santa Maria Supersequence (Middle?− Late 
Triassic of the Paraná Basin) in the Rio Grande do Sul State, in the 
southernmost portion of the country. The first record of the group in 
Brazil dates to the early twentieth century (Woodward, 1903, 1907, 
1908). Studies about rhynchosaurs have not been particularly intense in 
Brazil during more than a century after these first discoveries, if 
compared to other emblematic tetrapod groups from the same deposits, 
such as dinosaurs and cynodonts. In addition, this long history of studies 
is tangled with several nomenclatural and systematic issues. Some of 
these issues have been tackled in the past 25 years and our knowledge 
about Brazilian rhynchosaurs has considerably improved. Nevertheless, 
other issues are still strongly debated and there is a lack of consensus 
among authors. 
Woodward (1907) described the new genus and species ‘Scaphonyx 
fischeri’ based on a fragmentary specimen discovered in 1902 from strata 
now recognized to belong to the Hyperodapedon Assemblage Zone (AZ) 
of the Candelária Sequence of the Santa Maria Sepersequence (late 
Carnian) (Langer et al., 2007, 2018). ‘Scaphonyx fischeri’ is the first 
Mesozoic vertebrate described for Brazil and the first Triassic 
non-dinosaur reptile described for South America (Langer and Schultz, 
2000a). This taxon was firstly identified as a dinosaur closely related to 
the sauropodomorph Euskelesaurus and a year later it was interpreted as 
an anomodont (Woodward, 1907, 1908). Huene (1926) analysed several 
fragmentary specimens from the same strata and erected six new spe-
cies: ‘Scaphonyx australis’, ‘Cephalastron brasiliensis’, ‘Cephalonia lotzi-
ana’, ‘Cephalostronius angustipinatus’, ‘Cephalostronius gondwanicum’, and 
‘Scaphonychimus eurychorus’. Huene (1926) assigned all these species to 
the order ‘Pelycosimia’, which included the erythrosuchid Erythrosuchus 
africanus, the rhynchosaur ‘Scaphonyx’, and other taxa assumed to be 
closely related to pelycosaurs (Huene, 1911). Subsequently, in a note of 
the author written in 1928 and included as part of later prints of his 
monograph of 1926, Huene acknowledged that the six new species that 
he erected in 1926 were all referable to the Rhynchosauria based on new 
finds from Brazil and that this information would be published soon 
after. One year later, Huene (1929) described these new, more complete 
rhynchosaur specimens, including the first well-preserved skull, and 
assigned the previously described specimens to the genus ‘Scaphonyx’ 
and the species ‘Scaphonyx fischeri’. A subsequent study of these speci-
mens led Huene (1942) to a taxonomic revision, in which he maintained 
‘Scaphonyx fischeri’ and ‘Cephalonia lotziana’ as the only valid species of 
Brazilian rhynchosaurs. The probable synonymy between ‘Scaphonyx 
fischeri’ and ‘Cephalonia lotziana’ was discussed by later authors (Romer, 
1966; Chatterjee, 1969), but only formally proposed by Sill (1970) in his 
description of the new species ‘Scaphonyx’ sanjuanensis from what it is 
now recognized as the Hyperodapedon-Exaeretodon-Herrerasaurus bio-
zone (late Carnian) of the Ischigualasto Formation in Argentina (Mar-
tínez et al., 2011, 2013). As a result, the work of Sill (1970) established 
the taxonomic framework for the South American rhynchosaurs for the 
next 30 years, in which ‘Scaphonyx fischeri’ and ‘Scaphonyx’ sanjuanensis 
were considered the only valid nominal species in Brazil and Argentina, 
respectively (Chatterjee, 1980; Azevedo, 1982; Benton, 1983b, 1984, 
1988; Azevedo and Schultz, 1987; Schultz, 1991; Schultz and Azevedo, 
1990; Dilkes, 1995, 1998). 
In the decade of 1990 and early 2000, a series of studies questioned 
this taxonomic scheme (Langer, 1996, 1998; Langer and Schultz, 2000a, 
b; Langer et al., 2000a, b). ‘Scaphonyx fischeri’ was considered a nomen 
dubium because its holotype –composed of two cervical centra, a dorsal 
centrum, a centrum fragment, manual digit III, and pedal ungual I−
could not be distinguished from other Late Triassic rhynchosaurs 
worldwide (Langer, 1996; Langer and Schultz, 2000a). As a result, this 
nomenclatural act left vacant the name to be used for the abundant 
rhynchosaur specimens from the Hyperodapedon AZ of the Santa Maria 
Supersequence. This vacancy was filled by the apparently forgotten 
binomen ‘Macrocephalosaurus’ mariensis, which had been proposed in an 
appendix to a textbook on Brazilian mineralogy and geology (Tupi--
Caldas, 1933). The holotype of ‘Macrocephalosaurus’ mariensis (MCN-PV 
1867, Fig. 6D, H) was located, reanalysed, and distinguished from 
‘Scaphonyx’ sanjuanensis by the presence of a row of lingual teeth in the 
dentary (Langer, 1996, 1998; Langer and Schultz, 2000a, b; see Gentil 
and Ezcurra, 2018 for more information on the dentition of ‘Scaphonyx’ 
sanjuanensis). Langer and Schultz (2000b) conducted a phylogenetic 
analysis that found ‘Macrocephalosaurus’ mariensis and ‘Scaphonyx’ 
sanjuanensis nested within the genus Hyperodapedon. As a consequence, 
Langer and Schultz (2000b) proposed the synonymy between ‘Macro-
cephalosaurus’ and Hyperodapedon and referred ‘Scaphonyx’ sanjuanensis 
to the latter genus. At the same time, Langer and Schultz (2000b) agreed 
with previous suggestions of the presence of ‘Scaphonyx’ sanjuanensis in 
the Santa Maria Supersequence (Azevedo, 1984) based on the presence 
of specimens that lack lingual teeth on the dentary. Langer and Schultz 
(2000b) also recognized the presence of a new and third species, 
Hyperodapedon huenei, in the Hyperodapedon AZ of Brazil (Fig. 6B, F). 
This species possesses a unique combination of features that certainly 
separates it from other species of Hyperodapedon, including the combi-
nation of the presence of a medial longitudinal maxillary groove limited 
to the posterior half of the tooth plate (Fig. 8D), and the presence of 
lingual maxillary and dentary teeth. 
Two rhynchosaur taxa collected from different strata of the Santa 
Maria Supersequence have been known for 30 years but remained aside 
from the above described taxonomic revision. The first of them was 
named by Azevedo and Schultz (1987) as ‘Scaphonyx’ sulcognathus 
(Fig. 6C, G) and was assigned to this genus following the taxonomic 
framework proposed by Sill (1970), in which ‘Scaphonyx’ was the only 
genus considered to be present in South America. This taxon was 
collected in upper strata of the Santa Maria Supersequence, at the 
youngest portion of the Hyperodapedon AZ (Montefeltro et al., 2010; 
Langer et al., 2018). The unique morphology of ‘Scaphonyx’ sulcogna-
thus, especially the presence of two longitudinal grooves along the entire 
occlusal maxillary surface (Fig. 8E) and two dentary blades, and its 
unique stratigraphic provenance were used to claim that this taxon 
represented a genus of hyperodapedontine rhynchosaur distinct of 
Hyperodapedon (Schultz, 1991, 1995, 1999). After ‘Scaphonyx’ was 
considered a nomen dubium, the designation of a new genus for ‘Sca-
phonyx’ sulcognathus became necessary, but not implemented, and the 
taxon remained provisionally called ‘Scaphonyx’ sulcognathus or N. gen. 
sulcognathus for the next decade (Langer and Schultz, 2000a, b; Langer 
et al., 2000a, b, 2007; Langer, 2005; Whatley, 2005; Hone and Benton, 
2008). The formal designation of a new genus was finally proposed by 
Montefeltro et al. (2010), resulting in the new binomen Teyumbaita 
sulcognathus. 
In a similar situation, the ‘Mariante rhynchosaur’ (Fig. 6A, E) was 
firstly mentioned by Schultz and Azevedo (1990) from the older Dino-
dontosaurus AZ of the Santa Maria Supersequence (latest Ladinian?−
early Carnian; Marsicano et al., 2016; Ezcurra et al., 2017). The taxo-
nomic distinctiveness of the ‘Mariante rhynchosaur’ was easily recog-
nizable because of the presence of a series of unique traits, such as a 
dorsoventrally deep skull and presence of prefrontal-postfrontal contact, 
excluding the frontals from the external border of the orbit (Langer and 
Schultz, 2000a, b; Langer et al., 2007; Hone and Benton, 2008; Mon-
tefeltro et al., 2010, 2013; Mukherjee and Ray, 2014; Butler et al., 
2015). However, the name Brasinorhynchus mariantensis was only 
established recently for this form (Schultz et al., 2016). The two speci-
mens assigned to this taxon remain the only rhynchosaurs found in the 
Dinodontosaurus AZ of Brazil. 
As a result, the currently used taxonomic framework of Brazilian 
rhynchosaurs recognizes three genera and five nominal species distrib-
uted chronologically from the Dinodontosaurus AZ (Brasinorhynchus 
M.D. Ezcurra et al.                                                                                                                                                                                                                             
Journal of South American Earth Sciences xxx (xxxx) xxx
12
Fig. 6. Holotypes of Brazilian rhynchosaur species. (A, E) Brasinorhynchus mariantensis (UFRGS-PV-0168-T, A reversed), (B, F) Hyperodapedon huenei (UFRGS-PV- 
0132-T), (C, G) Teyumbaita sulcognathus (UFRGS-PV-0232-T), (D, H) and Hyperodapedon mariensis (MCN-PV-1867, D reversed) in (A–D) lateral and (E–H) dorsal 
views. Arrows indicate anterior direction. Abbreviations: exn, external naris; itf, infratemporal fenestra; or, orbit; stf, supratemporal fenestra. Scale bars equal 5 cm in 
(A, E) and 2 cm in (B− D, F–H). 
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mariantensis), the lower portion of the Hyperodapedon AZ (Hyper-
odapedon mariensis, Hyperodapedon sanjuanensis, and Hyperodapedon 
huenei), and the upper portion of the Hyperodapedon AZ (Teyumbaita 
sulcognathus, Hyperodapedon sp.) (Langer et al., 2007, 2018). 
3.3.4.2. The Argentinian record. A field trip led by the American 
palaeontologist Alfred S. Romer of the Harvard University (USA) in 
collaboration with staff of the Museo Argentino de Ciencias Naturales 
‘Bernardino Rivadavia’ explored Permo− Triassic outcrops in the 
Mendoza and San Juan provinces during April to June of 1958. This field 
team found the first rhynchosaur specimens from Argentina in the Upper 
Triassic Ischigualasto Formation (San Juan Province). A few years later, 
Reig (1963) briefly reported the discovery of additional rhynchosaur 
specimens and that these forms, together with cynodonts, numerically 
dominated the tetrapod assemblage of the Ischigualasto Formation in 
localities of the San Juan and La Rioja provinces. Sill (1970) described 
for the first time rhynchosaur specimens from the Ischigualasto For-
mation and erected the new species ‘Scaphonyx’ sanjuanensis (=
Fig. 7. Argentinian rhynchosaur specimens. (A–D) Indeterminate stenaulorhynchinae from the Chañares Formation (A, CRILAR-Pv 497; B− D, CRILAR-Pv 461), (E, 
G) possible specimen of Hyperodapedon mariensis from the Ischigualasto Formation (PVSJ 245), (F) holotype of Hyperodapedon sanjuanensis (MACN-Pv 18185), and 
(H) Teyumbaita nov. sp. (CRILAR-Pv 595) and (I) Hyperodapedon nov. sp. (CRILAR-Pv 585) from the Ischigualasto Formation. (A) Left maxilla in occlusal view; (B− E, 
G) partial left dentary in (B, E) medial, (C) anterodorsomedial, (D, G) occlusal views; (F, H) skull and lower jaw in right lateral view; and (I) left side of partial skull in 
lateral view. Arrows indicate anterior direction. Abbreviations: cMTBA, central medial tooth bearing area; itf, infratemporal fenestra; lbl, lateral blade; lgr, longi-
tudinal groove; lit, lingual teeth; LTBA, lateral tooth bearing area; man, mandible; mbl, medial blade; mgr, medial groove; or, orbit. Scale bars equal 0.5 cm in (A), 1 
cm in (B− D, H− L), and 2 cm in (E–I). 
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Hyperodapedon sanjuanensis) based on a partial skeleton (Fig. 7F). Sill 
(1970) referred to this species a fairly complete skull with partial 
hemimandibles and anterior cervical vertebrae, and a series of speci-
mens mostly represented by isolated maxillary tooth plates, all of them 
collected in the Ischigualasto Formation. Subsequently, Contreras 
(1981) briefly described a specimen composed of two partial rhyncho-
saur hemimandibles from the Ischigualasto Formation that possess a 
single row of well-separated lingual teeth (Fig. 7E, G), thus clearly 
contrasting with the condition in ‘Scaphonyx’ sanjuanensis. More 
recently, Langer and Schultz (2000b) used this specimen to support the 
presence of Hyperodapedon mariensis in the Ischigualasto Formation. 
Contreras (1997, 1999) also mentioned the presence of ‘Scaphonyx’ 
sulcognathus (= Teyumbaita sulcognathus) in the ‘upper’ levels of the 
Ischigualasto Formation in the San Juan Province. We could not 
corroborate this statement because of the lack of information that would 
have allowed us to locate these purported specimens of Teyumbaita in 
the repositories. It is interesting to note that Contreras (1997, 1999) 
reported that Teyumbaita occurs in stratigraphicaly higher levels of the 
Ischigualasto Formation than Hyperodapedon sanjuanensis, as also occurs 
between Teyumbaita and Hyperodapedon spp. in the Brazilian Santa 
Maria Supersequence (Langer et al., 2007, 2018; Montefeltro et al., 
2010). In agreement with this, Desojo et al. (2020) described the pres-
ence of a new –yet unnamed− species of Teyumbaita (Fig. 7H) occur-
rying, stratigraphically, immediately above specimens of Hyperodapedon 
in the Hoyada del Cerro Las Lajas locality (La Rioja Province) of the 
Ischigualasto Formation. These rhynchosaur genera were the most 
abundant components of their respective assemblages, representing 
60% of the currently known specimens identified at genus level in the 
Hyperodapedon biozone and c. 75% in the Teyumbaita biozone (Desojo 
et al., 2020). Desojo et al. (2020) reported on the presence of Hyper-
odapedon sanjuanensis and a new, yet unnamed, species of Hyper-
odapedon in the Hyperodapedon biozone (Fig. 7I). Gentil and Ezcurra 
(2019) described an isolated maxillary tooth plate from the Ischigua-
lasto Formation that possesses a combination of traits − centrally placed 
Fig. 8. Comparisons between drawings of the maxillary tooth plates of South American hyperodapedontine rhynchosaurs in occlusal views. (A) Holotype of 
Hyperodapedon sanjuanensis (MACN-Pv 18185), (B) indeterminate hyperodapedontine from the Ischigualasto Formation (PVL 2728), (C) referred specimen of 
Hyperodapedon mariensis (UFRGS-PV-0408-T, reversed), (D) holotype of Hyperodapedon huenei (UFRGS-PV-0132-T), and (E) referred specimen of Teyumbaita sul-
cognathus (UFRGS-PV-0298-T). Arrow indicates anterior direction and lateral is towards the left of the figure. Abbreviations: lgr, longitudinal groove; mgr, medial 
groove. Scale bars equal 1 cm. 
Fig. 9. Phylogenetic relationships of rhynchosaurs after Langer et al. (2018). The placement of the Chañares Formation form is taken from Ezcurra et al. (2017) and 
is indicated with a dotted line. The silhouette next to the South American taxa indicates their country of provenance. 
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single longitudinal groove and relatively large teeth (Fig. 8B)− that 
distinguish it from Hyperodapedon sanjuanensis (Fig. 8A), Hyperodapedon 
mariensis (Fig. 8C), Hyperodapedon huenei (Fig. 8D), Teyumbaita sulcog-
nathus (Fig. 8E), and other known hyperodapedontines. 
Multiple fieldwork seasons have resulted in the collection of more 
than 450 rhynchosaur specimens from the Scaphonyx-Exaeretodon-Her-
rerasaurus biozone of the Ischigualasto Formation in the Ischigualasto 
Provincial Park during the last 35 years (Martínez et al., 2011, 2013). 
These rhynchosaur specimens have been referred to ‘Scaphonyx’ san-
juanensis (= Hyperodapedon sanjuanensis), but without a specific 
morphological justification (e.g., Martínez et al., 2013; Trotteyn and 
Martínez, 2013). Despite the abundance of specimens, until very 
recently, no additional work on the anatomy of Hyperodapedon sanjua-
nensis has been conducted after the original description of Sill (1970), 
with the exception of sporadic, short contributions focused on intra-
specific variation (Contreras and Bracco, 1989; Bracco and Contreras, 
1990) or palaeopathology (Trotteyn and Martínez, 2013). Gentil and 
Ezcurra (2018) used a computed tomography scan to digitally recon-
struct the dentition of the holotype of Hyperodapedon sanjuanensis, 
which was not available to previous researchers because it is mostly 
hidden by the full occlusion between the maxillae and dentaries in the 
real specimen. These authors found that the dentition of the holotype 
was consistent with that present in specimens previously referred to 
Hyperodapedon sanjuanensis (e.g., Sill, 1970) and the maxillary tooth 
plate cannot be distinguished from those of Hyperodapedon mariensis. In 
addition, Gentil and Ezcurra (2018) agreed with previous studies that 
Hyperodapedon sanjuanensis can be diagnosed by the autapomorphic 
absence of dentary lingual teeth among rhynchosaurids. This latter 
study represents a first step towards a more comprehensive knowledge 
of the anatomy and taxonomy of the rhynchosaurs of the Ischigualasto 
Formation. The occurrence of Hyperodapedon sanjuanensis in sympatry 
with, at least, another species of Hyperodapedon in the Hoyada del Cerro 
Las Lajas (Desojo et al., 2020) demonstrates that the study of the tax-
onomy of the rhynchosaurs of the Ischigualasto Formation requires a 
substantial amount of work. 
The Argentinian rhynchosaur record was restricted to the upper 
Carnian beds of the Ischigualasto Formation until Ezcurra et al. (2014b) 
described the first specimen of the clade in the uppermost Ladinian?−
lower Carnian Chañares Formation. This specimen consists of a partial 
posterior end of a left dentary and was originally identified as an inde-
terminate rhynchosaurid (Fig. 7B− D). In more recent years, new rhyn-
chosaur specimens, although still rather fragmentary, from the Chañares 
Formation have been collected and expanded the available anatomical 
information (Ezcurra et al., 2017, Fig. 7A). A phylogenetic analysis 
recovered these specimens within Stenaulorhynchinae, and thus closely 
related to the approximately coeval Brasinorhynchus mariantensis from 
Brazil (Figs. 4 and 9), based on the presence of small maxillary occlusal 
teeth, a medial longitudinal groove that reaches the anterior half of the 
maxilla, and a dentary with multiple, closely packed lingual teeth 
(Ezcurra et al., 2017). New stratigraphic and palaeontological evidence 
indicate that the rhynchosaurs of the Chañares Formation were 
restricted to the Tarjadia AZ in the lowermost levels of the unit (Ezcurra 
et al., 2017; Fiorelli et al., 2018). 
Ezcurra et al. (2017) reported that rhynchosaurs represent approxi-
mately 7% of the tetrapods currently collected in the Tarjadia AZ and 
despite of an intensive sampling effort during more than 50 years no 
rhynchosaur specimen has been found in the younger Massetognathu-
s-Chanaresuchus AZ of the Chañares Formation. As a result, current ev-
idence indicates that rhynchosaurs became regionally extinct or rare 
faunistic components between the lowermost Chañares Formation and 
the Ischigualasto Formation. In addition, the presence of stenaulo-
rhynchine rhynchosaurs in the Chañares Formation and of hyper-
odapedontine rhynchosaurs in the Ischigualasto Formation document a 
distinct replacement of the taxonomic composition of the rhynchosaur 
assemblages of the Ischigualasto-Villa Unión Basin between c. 236 and c. 
231 million years ago. This same pattern is observed in the Santa Maria 
Supersequence of Brazil (Schultz et al., 2016), the Moenkopi-Chinle 
sequence of the USA (Lucas et al., 2002; Nesbitt and Whatley, 2004), 
and the Pranhita–Godavari Basin of India (Chatterjee, 1974, 1980). 
Thus, the replacement of stenaulorhynchines by hyperodapedontines 
between the Middle to early Late Triassic was an event that occurred 
beyond the South American continent and the outstanding diversifica-
tion of the latter clade took place in parallel to the appearance of the 
oldest known saurischians, ornithischians, crocodylomorphs, and 
aetosaurs. 
3.3.4.3. Phylogeny. The phylogeny of Rhynchosauria was in state of 
flux during the 1980s and 1990s and these substantial changes of re-
lationships were inexorably linked to the phylogenetic position of the 
Brazilian species. The first phylogenetic analyses considering Brazilian 
rhynchosaurs were based on the taxonomic framework of Sill (1970) and 
included ‘Scaphonyx fischeri’ and ‘Scaphonyx’ sanjuanensis (Benton, 
1988, 1990), or a supraspecific ‘Scaphonyx’ (Dilkes, 1995, 1998) as 
taxonomic operational units. In these early analyses, the clade Hyper-
odapedontinae (sensu Langer and Schultz, 2000b) was first established 
encompassing all Hyperodapedon species and ‘Scaphonyx’. Perhaps the 
most important efforts towards the establishment of a reliable phylog-
eny of Late Triassic rhynchosaurs were those of Langer and Schultz 
(2000b) and Langer et al. (2000a), which were grounded in the modern 
taxonomic framework, and proposed topologies that remained mostly 
stable for the next decade. In these analyses, the genus Hyperodapedon 
was recovered as monophyletic, and Teyumbaita sulcognathus and the 
Malagasy Isalorhynchus genovefae (from the Ladinian− Carnian Isalo 
Beds of Madagascar) as its successive sister-taxa. These three genera 
form the clade Hyperodapedontinae, and it is one of the best supported 
branches within Rhynchosauria in the most recent analyses of the group 
(Fig. 9) (Langer et al., 2017; Sues et al., 2020). Hyperodapedontines 
possess multiple synapomorphies, which include the presence of an 
anguli oris crest that extends to the anterior process of the jugal, and a 
lateral maxillary tooth-bearing area broader than the medial one and 
with more than one clear longitudinal tooth row (Montefeltro et al., 
2010; Langer et al., 2017). 
A series of studies based on iterative improvements of the taxon and 
character samplings of the phylogenetic matrices of Langer and Schultz 
(2000b) and Langer et al. (2000a) have recovered differences in the 
interrelationships within Hyperodapedontinae during the last 10 years 
(Montefeltro et al., 2010, 2013; Langer et al., 2010b, 2017; Butler et al., 
2015; Ezcurra et al., 2016; Schultz et al., 2016; Sues et al., 2020). In this 
regard, one of the most notable conflicts brought by the recent works is 
the relative position of Teyumbaita sulcognathus and Hyperodapedon 
huenei. Langer and Schultz (2000b) and Langer et al. (2000a) originally 
recovered Hyperodapedon huenei as the earliest branching member of the 
Hyperodapedon clade (this relationship is also recovered in Whatley, 
2005, and Mukherjee and Ray, 2014). By contrast, Langer et al. (2017) 
and Sues et al. (2020) found a sister-taxon relationship between 
Teyumbaita sulcognathus and Hyperodapedon huenei, thus becoming 
Hyperodapedon a non-monophyletic taxon (Fig. 9). The clade formed by 
Hyperodapedon huenei + Teyumbaita sulcognathus is within a polytomy 
that includes Hyperodapedon gordoni, Hyperodapedon tikiensis, and 
another clade composed of Hyperodapedon mariensis, Hyperodapedon 
huxleyi, Hyperodapedon sanjuanensis, Oryctorhynchus bairdi, and unde-
scribed forms from Zimbabwe and Wyoming in the analysis of Langer 
et al. (2017) (Fig. 9). By contrast, the Teyumbaita sulcognathus +
Hyperodapedon huenei clade is recovered as the deepest branch of 
Hyperodapedontinae, being the sister taxon of Supradapedon stockleyi, in 
the analysis of Sues et al. (2020). 
The most obvious consequences of the results of Langer et al. (2017) 
and Sues et al. (2020) are the nomenclatural changes that would be 
necessary to prevent that the genus Hyperodapedon is applied to a 
non-monophyletic group. These authors abstain to perform taxonomic 
modifications before a more in depth revision of the alpha taxonomy of 
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the South American species of Hyperodapedon is conducted, but this will 
have to be addressed in future work. In the context of these results, the 
evolution of a series of traits, including dentition characters that have 
been crucial to address the systematics of hyperodapedontine rhyn-
chosaurs, needs to be reinterpreted. In the older phylogenetic frame-
work (Langer and Schultz, 2000b; Langer et al., 2000a), the medial 
maxillary groove present in both Teyumbaita sulcognathus and Hyper-
odapedon huenei (Fig. 8D and E) is interpreted as the plesiomorphic state 
for Hyperodapedontinae and imply that this structure was subsequently 
lost in the most recent common ancestor of more deeply nested species 
of Hyperodapedon. By contrast, the results from Langer et al. (2017) and 
Sues et al. (2020) indicate that the secondary longitudinal maxillary 
groove of Teyumbaita sulcognathus and Hyperodapedon huenei is an in-
dependent acquisition from that present in non-hyperodapedontine 
rhynchosaurids (e.g., Fig. 7A), such as the Stenaulorhynchinae and 
Fodonyx spenceri. The same independent acquisition is also imposed for 
the presence of a secondary dentary blade and the maxillary lingual 
dentition. The reinterpretation of these traits has a major impact on our 
knowledge about the evolution of the group because the systematics of 
Late Triassic rhynchosaurs have been based mostly on dentition char-
acters during the last 40 years. 
Another novelty added by recent works is the nesting of Brasino-
rhynchus mariantensis within Stenaulorhynchinae (sensu Langer and 
Schultz, 2000b), a clade that also includes Stenaulorhynchus stockleyi 
from the Manda Beds of Tanzania (late Anisian to earliest Carnian, 
Huene, 1938), Mesodapedon kuttyi from the Yerrapali Fromation of India 
(Anisian, Chatterjee, 1980), and Ammorhynchus navajoi from the 
Moenkopi Formation of the USA (late Anisian− early Ladinian, Nesbitt 
and Whatley, 2004) (Fig. 9). The clade Stenaulorhynchinae implies the 
presence of a rather cosmopolitan radiation of Middle− earliest Late 
Triassic rhynchosaurs (Ezcurra et al., 2016; Schultz et al., 2016) that is 
independent to the more abundant and geographically widespread Late 
Triassic hyperodapedontines (Lucas, 2001; Lucas and Heckert, 2002; 
Lucas et al., 2002; Langer et al., 2007, 2018; Ezcurra et al., 2016). The 
clade Stenaulorhynchinae is supported by the presence of a large num-
ber of maxillary lingual teeth and a reduced size of maxillary occlusal 
teeth that results in longitudinal rows formed by a great number of 
elements. 
The currently available information of the South American, and 
especially Brazilian, rhynchosaur species shows that they are particu-
larly important for the understanding of the group as a whole because of 
the abundance and quality of preservation of specimens and the 
occurrence of both of its major lineages, Stenaulorhynchinae and 
Hyperodapedontinae. In addition, the taxonomic diversity of Brazilian 
hyperodapedontines is crucial to understand the phylogeny of the group, 
including the probable non-monophyly of the genus Hyperodapedon, 
what is perhaps the major current taxonomic and systematic issue that 
needs to be addressed for Rhynchosauria. Very recent discoveries of new 
rhynchosaur taxa in the Ischigualasto Formation of Argentina (Desojo 
et al., 2020) may also help to shed light to these issues. 
3.3.5. Proterochampsidae 
Proterochampsidae is an archosauriform clade with an overall 
crocodile-like body plan and endemic of the lower Upper Triassic of the 
Ischigualasto-Villa Unión Basin of Argentina and the Paraná Basin of 
Brazil. This is one of the several tetrapod groups that originated, 
Fig. 10. Skulls of proterochampsid archosauriforms in lateral view. (A) Referred specimen of Proterochampsa barrionuevoi (PVSJ 77, reversed), (B) holotype of 
Proterochampsa nodosa (MCP 1694-PV, reversed), (C) holotype of Cerritosaurus binsfeldi (CA unnumbered, reversed), (D) referred specimen of Tropidosuchus romeri 
(PVL 4604, reversed), (E) holotype of Pseudochampsa ischigualastensis (PVSJ 567), (F) holotype of Gualosaurus reigi (PULR 05), (G) holotype of Rhadinosuchus gracilis 
(SNSB-BSPG AS XXV 50), and (H) referred specimen of Chanaresuchus bonapartei (PVL 4586). Arrows indicate anterior direction. Abbreviations: anf, antorbital 
fenestra; emf, external mandibular fenestra; exn, external naris; itf, infratemporal fenestra; or, orbit. Scale bars equal 5 cm in (A, B, F), 1 cm in (C, D, G), and 2 cm in 
(E, H). 
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flourished and became extinct during the Triassic Period (Evans, 2003; 
Ezcurra et al., 2013, 2020; Sookias and Butler, 2013; Sues et al., 2013; 
Trotteyn et al., 2013). Proterochampsids are small to medium-sized, 
quadruped archosauriforms that probably had a mode of life related to 
water bodies (Trotteyn et al., 2013; see Section 3.3.5.4). Two general-
ized morphotypes that may represent different ecomorphotypes can be 
recognized within the clade: one with a proportionally huge, strongly 
dorsoventrally compressed skull (Proterochampsa spp.) and other with a 
proportionally smaller and moderately tall skull (Gualosuchus, Chanar-
esuchus, Cerritosaurus, Tropidosuchus) (Fig. 10). Skull roof cranial orna-
mentation is conspicuous in all species, being strongly developed in 
some genera. 
3.3.5.1. The Brazilian record. The first reported record of the group in 
Brazil and the whole continent corresponds to the holotype of Rhadi-
nosuchus gracilis (Fig. 10G). This species was described by Huene (1938) 
based on a partial skeleton from levels currently assigned to the 
Hyperodapedon AZ of the Candelária Sequence. Huene (1938) originally 
described this species as a pseudosuchian, but it was subsequently 
reinterpreted as a proterochampsid (Romer, 1972; Kischlat and Schultz, 
1999; Kischlat, 2000; Ezcurra et al., 2015c). Ezcurra et al. (2015c) 
revisited the morphology and phylogeny of Rhadinosuchus gracilis and 
dismissed its proposed synonymy with Cerritosaurus binsfeldi (contra 
Hoffstetter, 1955). The holotype of this latter species (Figs. 10C and 
11C) was collected by Antonio Binsfeldi in 1941, also from the Hyper-
odapedon AZ of the Candelária Sequence, and it was described by Price 
(1946), who erected this new proterochampsid genus and species. Cer-
ritosaurus binsfeldi has a complex systematic history, in which Hoffstetter 
(1955) included it in the superfamily Ornithosuchoidea, Huene (1956) 
within Rauisuchidae, Romer (1956) considered it as an Ornithosuchi-
dae, and Walker (1968, 1970) placed it within Crocodylia. Bonaparte 
(1971) erected the family Cerritosauridae within Proterochampsia to 
include Cerritosaurus binsfeldi and Proterochampsa barrionuevoi. Bar-
berena and Dornelles (1998) reviewed the anatomy of Cerritosaurus 
binsfeldi with an emphasis on the taphonomic features of the skull. They 
evaluated the postmortem deformation of the posterior end of the lower 
jaw and concluded that its strange bending could have been caused by 
deformation during fossilization. 
The description of new proterochampsid specimens from Brazil 
showed a paucity of 36 years until the report of the holotype and only 
known specimen of Proterochampsa nodosa by Barberena (1982) 
(Figs. 10B and 11B). This specimen comprises a fairly complete skull and 
lower jaw, and comes from the Hyperodapedon AZ of the Candelária 
Fig. 11. Skulls of proterochampsid archosauriforms in dorsal view. (A) Referred specimen of Proterochampsa barrionuevoi (PVSJ 77), (B) holotype of Proterochampsa 
nodosa (MCP 1694-PV), (C) holotype of Cerritosaurus binsfeldi (CA unnumbered), (D) referred specimen of Tropidosuchus romeri (PVL 4604), (E) holotype of Pseu-
dochampsa ischigualastensis (PVSJ 567), (F) holotype of Gualosaurus reigi (PULR 05), (G) holotype of Chanaresuchus bonapartei (PULR 07), and (H) referred specimen of 
Chanaresuchus bonapartei (PVL 4586). Arrows indicate anterior direction. Abbreviations: anf, antorbital fenestra; exn, external naris; itf, infratemporal fenestra; or, 
orbit; stf, supratemporal fenestra. Scale bars equal 5 cm in (A, B, F), 1 cm in (C, D), and 2 cm in (E, G, H). 
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Sequence. More recently, Kischlat (2000) referred this species to its own 
genus, ‘Barberenachampsa’ nodosa. However, this nomenclature act was 
not followed by subsequent authors (e.g., Langer et al., 2007; Dilkes and 
Arcucci, 2012; Trotteyn et al., 2013; Ezcurra et al., 2015c; Ezcurra, 
2016) because it is in disagreement with the International Code of 
Zoological Nomenclature (Langer et al., 2007). 
Dornelles (1992, 1995) described the presence of the genus Cha-
naresuchus in the Pinheiros-Chiniquá Sequence, which is a taxon origi-
nally described by Romer (1971) from the Chañares Formation of 
Argentina. However, Kischlat (2000) considered this assignment as 
tentative and Hsiou et al. (2002) concluded that at least one of these 
specimens could not be referred beyond the Chanaresuchus/Gualosuchus 
clade because of its poor preservation. Nevertheless, Hsiou et al. (2002) 
described a new proterochampsid specimen from the Santa Maria 
Supersequence and referred it to Chanaresuchus bonapartei. More 
recently, a new specimen collected from the Santacruzodon AZ of the 
Santa Cruz Sequence was also referred to Chanaresuchus bonapartei 
(Raugust et al., 2013). After the redescription of Rhadinosuchus gracilis, 
Ezcurra et al. (2015c) revisited the taxonomy of these specimens and 
considered them as indeterminate Rhadinosuchinae, which is a less in-
clusive clade within Proterochampsidae. As a result, there is no current 
unambiguous evidence for the presence of Chanaresuchus and Chanar-
esuchus bonapartei in the Santa Maria Supersequence (Ezcurra et al., 
2015c). 
3.3.5.2. The Argentinian record. The joint expedition of the Museum of 
Comparative Zoology of Harvard-Museo Argentino de Ciencias Natu-
rales ‘Bernardino Rivadavia’ headed by Alfred Romer recovered several 
fossil tetrapods in rocks of the Ischigualasto Formation in 1958 and 
showed the fossiliferous potential of the unit. In the following year, 
Osvaldo Reig of the Instituto Miguel Lillo of the Universidad de 
Tucumán headed field trips to this formation and collected several 
additional specimens (Reig, 1959, 1963; Casamiquela, 1960; Bonaparte, 
1962). Reig (1959) preliminary reported the presence of an ‘ancestral 
crocodilian’ in the Ischigualasto Formation and erected the new genus 
and species Proterochampsa barrionuevoi. Subsequently, Sill (1967) 
described the Proterochampsa barrionuevoi specimens in detail (Figs. 10A 
and 11A). Sill (1967) proposed that this species represented a case of 
mosaic evolution between early crocodilians and ‘Thecodontia’ and 
erected for it the new family Proterochampsidae. Subsequent authors 
identified Proterochampsa barrionuevoi as a phytosaur (Walker, 1968) or 
a proterosuchian (Romer, 1971). Bonaparte (1971) named the group 
Proterochampsia to include Proterochampsa barrionuevoi and Cerrito-
saurus binsfeldi, thus recognizing the close phylogenetic relationship 
between both species. In more recent years, our knowledge of the 
anatomy of Proterochampsa barrionuevoi was expanded after Trotteyn 
and Haro (2011) described in detail its braincase morphology, Trotteyn 
(2011) described the cranial and postcranial anatomy of two more 
recently collected specimens, and Dilkes and Arcucci (2012) reviewed 
the anatomy of available specimens of the species. 
After the successful fieldwork in the Ischigualasto Formation, Alfred 
Romer and his crew discovered and collected a considerable number of 
fossil tetrapods in the Chañares Formation of La Rioja Province during 
1964 and 1965. Among the collected fossils, Romer (1971) described 
two new genera and species, Chanaresuchus bonapartei and Gualosuchus 
reigi (Fig. 10F, H, 11 F–H), and interpreted them as proterochampsids. 
Romer (1971) described first the cranial anatomy of both species in the 
same contribution, and a year later described the postcranial anatomy of 
Chanaresuchus bonapartei (Romer, 1972). Arcucci (2011) and Trotteyn 
et al. (2013) reviewed the osteological features of these species and 
emended the original diagnoses proposed by Romer (1971). More 
recently, Trotteyn and Ezcurra (2020) redescribed in detail the anatomy 
of the holotype of Chanaresuchus bonapartei. During the 1970s and 
subsequent decades different research teams worked in the outcrops of 
the Chañares Formation exposed in the Talampaya National Park of La 
Rioja Province and collected multiple, additional proterochampsid 
specimens. In recent studies, several authors referred several of these 
specimens to Chanaresuchus bonapartei and the current hypodigm of the 
species turns it the best sampled proterochampsid taxon (Arcucci, 2011; 
Trotteyn et al., 2013; Ezcurra, 2016). By contrast, only one additional 
specimen has been referred to Gualosuchus reigi (Arcucci, 2011; Dilkes 
and Arcucci, 2012). The diversity of proterochampsids from the Cha-
ñares Formation was expanded wtih the description of Tropidosuchus 
romeri (Figs. 10D and 11D), which is represented by some partial skel-
etons smaller than those of specimens of Chanaresuchus bonapartei and 
Gualosuchus reigi (Arcucci, 1991). 
As a result of the new specimens collected in the Ischigualasto For-
mation during the 1980s and 1990s, Trotteyn et al. (2012) described and 
erected the new species Chanaresuchus ischigualastensis based on a single, 
fairly complete specimen (Figs. 10E and 11E). Trotteyn and Haro (2012) 
described in detail the braincase of Chanaresuchus ischigualastensis and 
bolstered the monophyly of Chanaresuchus. However, Trotteyn and 
Ezcurra (2014) revised the non-braincase cranial and postcranial oste-
ology of Chanaresuchus ischigualastensis and concluded that there is no 
unambiguous support for the monophyly of Chanaresuchus. As a result, 
they erected the new genus Pseudochampsa to include Chanaresuchus 
ischigualastensis. 
Ezcurra et al. (2019a) recently described two new proterochampsid 
specimens from the Massetognathus-Chanaresuchus AZ of the Chañares 
Formation. They referred these specimens to Rhadinosuchinae, but the 
combination of character states of these specimens did not allow refer-
ring them to any of the known rhadinosuchine species following the 
currently available diagnoses. As a consequence, Ezcurra et al. (2019a) 
concluded that the rhadinosuchine taxonomy should be revised along 
with a careful reappraisal of their intraspecific variation and that future 
research should test if Chanaresuchus bonapartei and Gualosuchus reigi 
would correspond to extremes of the ontogenetic trajectory of a single 
species. 
3.3.5.3. Phylogeny. The first, modern phylogenetic hypotheses of the 
interrelationships among proterochampsids were proposed by Arcucci 
(1996) and Kischlat and Schultz (1999). Arcucci (1996) found Tropi-
dosuchus romeri as the sister taxon of a clade composed of Chanaresuchus 
bonapartei and Gualosuchus reigi, whereas Cerritosaurus binsfeldi and 
Proterochampsa were placed in a polytomy with the above mentioned 
species. Kischlat and Schultz (1999) recovered Gualosuchus reigi, Cha-
naresuchus bonapartei and Rhadinosuchus gracilis in a trichotomy and 
these species in another trichotomy together with Tropidosuchus romeri 
and a clade composed of both species of Proterochampsa (Kischlat, 2000: 
Fig. 4b). Cerritosaurus binsfeldi was placed as the earliest branching 
member of Proterochampsidae in this phylogenetic hypothesis. More 
recently, Dilkes and Arcucci (2012) conducted a new phylogenetic 
analysis and found Gualosuchus reigi and Chanaresuchus bonapartei as 
sister taxa, whereas Tropidosuchus romeri, Cerritosaurus binsfeldi, and 
Proterochampsa were recovered as their successive sister taxa. Trotteyn 
and Ezcurra (2014) and Ezcurra et al. (2015c) expanded the sampling of 
the latter analysis and found congruent results. Among the added taxa, 
Pseudochampsa ischigualastensis was recovered in a polytomy with Cha-
naresuchus bonapartei and Gualosuchus reigi (Trotteyn and Ezcurra, 
2014), and Rhadinosuchus gracilis as more closely related to Chanar-
esuchus bonapartei than to other proterochampsids (Ezcurra et al., 
2015c). Ezcurra et al. (2015c) defined Rhadinosuchinae as a stem-based 
clade that includes all archosauriforms more closely related to Rhadi-
nosuchus gracilis and Chanaresuchus bonapartei, than to Cerritosaurus 
binsfeldi, Tropidosuchus romeri, and Doswellia kaltenbachi. As a conse-
quence, Rhadinosuchinae includes Pseudochampsa ischigualastensis, 
Gualosuchus reigi, Chanaresuchus bonapartei and Rhadinosuchus gracilis. 
The Brazilian proterochampsid species do not form a monophyletic 
clade in the results of Ezcurra et al. (2015c) and this indicates multiple 
dispersals events within the clade between the Ischigualasto-Villa Unión 
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and the Paraná basins. 
Ezcurra (2016) included all currently known proterochampsid spe-
cies in a comprehensive phylogenetic analysis of early arch-
osauromorphs and recovered very similar results to those of Dilkes and 
Arcucci (2012) and subsequent modifications of that data matrix. A 
difference presented by Ezcurra (2016) was the resolution of the poly-
tomy among rhadinosuchines, in which Pseudochampsa ischigualastensis 
was recovered as the earliest member of the clade (Fig. 12). These same 
proterochampsid interrelationships have been found in some new ana-
lyses based on subsequent modifications of this phylogenetic data matrix 
(e.g., Ezcurra et al., 2017; Nesbitt et al., 2017), but Trotteyn and Ezcurra 
(2020) recovered again a polytomy among rhadinosuchine species. 
3.3.5.4. Mode of life. The phylogenetic position of proterochampsids as 
one of or the closest relatives to Archosauria results in that their 
palaeobiology is important to determine the ancestral condition of the 
most recent common ancestor of crocodiles and birds. The most striking 
peculiarities of the proterochampsid body plan are related to features 
historically associated with a probable semiaquatic mode of life, such as 
a proportionally large and dorsoventrally low skull with dorsally to 
dorsolaterally facing external nares and orbits (Reig, 1959; Romer, 
1971; Bonaparte, 1971, 1978). Only recently, the supposed semiaquatic 
behaviour of proterochampsids has been started to be tested using other 
lines of evidence. Arcucci et al. (2019) concluded that ecomorphological 
features, including histological traits (bone compactness), did not pro-
vide definitive evidence for the lifestyles of proterochampsids, but a 
terrestrial/amphibious condition was likely. 
Here we analyse the pattern of vertebral centrum lengths through the 
postcranial axial skeleton of a fairly complete specimen of Chanar-
esuchus bonapartei (PVL 4586) in order further explore possible 
semiaquatic-aquatic adaptations in the group (Supplementary Infor-
mation V). The idea behind this is to compare variations and patterns in 
the length of the centra with those of swimming and fully terrestrial 
diapsids. The relationship between the morphology of the vertebral 
centra and locomotor style has been explored in swimming tetrapods by 
several authors (Fish, 1984, 1994; Ritter, 1996; Buchholtz, 1998, 2001a, 
b; Pierce et al., 2011). Adaptations for aquatic locomotion are reflected 
in the flexibility of the vertebral column because propulsion depends on 
axial undulatory movements, and this flexibility is related to the pro-
portions of each vertebral centrum. Proportionally long centra indicate 
greater flexibility than shorter, disc-shaped centra (Buchholtz, 1998, 
2001a, b). Extant semiaquatic reptiles (e.g., gharial, marine iguana) use 
their tails as propulsors through traveling waves of lateral undulation 
and in this region there is a peak and/or plateau of relatively long centra, 
indicating a region of maximum undulation of the vertebral column 
(Buchholtz, 1998). After comparing the centrum length profiles through 
the vertebral column, previous authors have tested the capability of 
extinct reptiles (e.g., Mesosaurus, Ophiacodon) of using the tail as a 
propulsor in an aquatic environment (Felice and Angielczyk, 2014; 
Nuñez Demarco et al., 2018), and here this is explored for a specimen of 
Chanaresuchus bonapartei. 
The vertebral centrum length profile of Chanaresuchus bonapartei 
(PVL 4586) shows a distinct peak on the anterior half of the dorsal re-
gion and a considerably lower second peak among middle cervical 
vertebrae, whereas there is a valley in and around the sacral region 
(Fig. 13). The preserved region of the tail shows a plateau of low 
centrum lengths and only the first two cervical vertebrae are shorter 
than them. The centrum length profile of Chanaresuchus distinctly de-
parts from that of extant semiaquatic reptiles, such as the marine iguana 
(Amblyrhynchus cristatus) and the gharial (Gavialis gangeticus), in the 
absence of a strong increase and peak in the anterior-middle caudal 
vertebrae (Fig. 13). A plateau of relatively long caudal vertebrae is 
present in the supposed semi-aquatic stem-diapsid Claudiosaurus germani 
and this is also lacking in Chanaresuchus bonapartei. By contrast, 
terrestrial extant lepidosaurs usually present lower caudal lengths than 
in the dorsal series or a decrease in caudal length towards the end of the 
tail (e.g., Varanus komodensis; Felice and Angielczyk, 2014). This latter 
pattern resembles the condition present in Chanaresuchus bonapartei and 
the proterosuchid Proterosuchus alexanderi. The presence of regional 
peaks in the caudal series of the dinosaurs Eoraptor luensis and Coe-
lophysis bauri may be related to their erect gait and usage of the tail to 
balance their body during locomotion, which is an interesting pattern to 
be explored in the future (Fig. 13). 
As a result, the centrum length profile of Chanaresuchus bonapartei 
indicates that its tail was not an efficient propulsor in an aquatic envi-
ronment and, thus, there is no clear evidence supporting a locomotor 
style associated to a semiaquatic behaviour. This is congruent with 
recent studies that reached similar conclusions based on palae-
ohistological evidence (Arcucci et al., 2019). Nevertheless, it is still 
striking the peculiarities of the proterochampsid body plan, mainly of 
cranial character states previously related to a semiaquatic behaviour. It 
is possible that, although it seems that Chanaresuchus bonapartei was not 
a good swimmer, at least using a locomotion based on undulatory 
movements of its tail, its dorsally facing external nares and orbits may 
have allowed it to spent considerable time below or close to water level, 
a strategy that it is used by extant crocodiles to avoid predation and 
ambush preys. 
3.3.6. Other Late Triassic stem-archosaurs 
The Late Triassic non-archosaurian archosauromorph record of 
South America is dominated by rhynchosaur and proterochampsid 
specimens (e.g., Bonaparte, 1982; Martínez et al., 2011, 2013; Mancuso 
et al., 2014; Ezcurra and Desojo, 2016; Desojo et al., 2020), and only the 
archosauriform Cuyosuchus huenei does not belong to these clades. 
Cuyosuchus huenei is known from a single individual (Fig. 5B) collected 
in the lower Upper Triassic rocks of the Cacheuta Formation of the 
Cuyana Basin, western Argentina (Rusconi, 1951; Spalletti et al., 2008) 
(Figs. 1 and 2). The holotype of Cuyosuchus huenei was originally 
thought to belong to the temnospondyl genus Chigutisaurus (Rusconi, 
1951), but subsequently it was reinterpreted as a ‘proterosuchian 
thecodont’ (a currently polyphyletic group that mainly included pro-
terosuchids and erythrosuchids; Ezcurra, 2016) (Reig, 1961). During the 
Fig. 12. Phylogenetic relationships of proterochampsid archosauriforms after Ezcurra (2016). The silhouette next to each species indicates its country of provenance.  
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Fig. 13. Plots showing centrum length profiles for several diapsids. Dashed lines mark the last cervical, dorsal, and sacral vertebrae in each specimen. Data from 
Amblyrhynchus cristatus, Gavialis gangeticus, and Varanus komodensis taken from Felice and Angielczyk (2014) and data from Claudiosaurus germaini taken from Nuñez 
Demarco et al. (2018). The profiles of the other species are based on the following specimens: Chanaresuchus bonapartei (PVL 4856), Proterosuchus alexanderi (NMQR 
1484), Eoraptor lunensis (PVSJ 512, Sereno et al., 2013), and Coelophysis bauri (AMNH 7224, Colbert, 1989). 
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following years, Cuyosuchus huenei received little attention in discus-
sions about the Triassic archosauriform fossil record and evolution. 
Tatarinov (1961) and Hughes (1963) considered Cuyosuchus huenei a 
junior synonym of the South African erythrosuchid Erythrosuchus afri-
canus, but Charig and Reig (1970: Fig. 6) interpreted Cuyosuchus huenei 
as a distinct erythrosuchid genus and species. More recently, Desojo 
et al. (2002) concluded that this species was valid and phylogenetically 
closer to archosaurs than to erythrosuchids. Ezcurra (2016) included 
Cuyosuchus huenei for the first time in a quantitative phylogenetic 
analysis and found it as a more crownward archosauriform than pro-
terosuchids, but as the sister-taxon of erythrosuchids and taxa closer to 
archosaurs (= Eucrocopoda). This phylogenetic position has remained 
stable in more recent versions of this phylogenetic analysis (Butler et al., 
2019; Ezcurra et al., 2019b; Peecook et al., 2018; Scheyer et al., 2020, 
Fig. 4). The phylogenetic position and putative Late Triassic age of 
Cuyosuchus huenei result in a ghost lineage for its branch that extends at 
least into the Olenekian. Thus, this species may represent a relictual 
non-eucrocopodan archosauriform and one of the rarest components of 
the Late Triassic archosauromorph assemblages worldwide. 
Ichnofossils referred to Rhynchosauroides isp. have been reported for 
the uppermost Ladinian?− lower Carnian Ischichuca Formation (=
Chanares Formation) and the middle Carnian Los Rastros Formation 
(Melchor and de Valais, 2006). da Silva et al. (2008) described imprints 
referred to Rhynchosauroides from the Candelária Sequence (Hyper-
odapedon AZ) of the Santa Maria Supersequence. These Rhynchosaur-
oides specimens may belong to an early archosauromorph or a 
lepidosauromorph (da Silva et al., 2008, 2012). 
3.4. Macroevolutionary patterns of the south American stem-archosaurs 
3.4.1. Abundance and diversity 
The Permian− Early Triassic tetrapod assemblages of South America 
have a low taxonomic diversity and apparently low abundance of 
archosauromorph remains (e.g., Piñeiro, 2004; Da-Rosa et al., 2009). 
The vast majority of them occur as isolated bones (Da-Rosa et al., 2009; 
Ezcurra et al., 2015a; De-Oliveira et al., 2018), but there are exceptional 
articulated specimens, such as the holotypes of Teyujagua paradoxa 
Pinheiro et al. (2016) and Elessaurus gondwanoccidens De-Oliveira et al. 
(2020) (Fig. 3). Despite its low species-level diversity, the South 
American Permian− Early Triassic record includes members of at least 
three distinct archosauromorph groups, namely tanystropheid-related 
taxa (including Elessaurus gondwanoccidens), Teyujagua paradoxa, and 
proterosuchids. This high-level diversity of archosauromorphs re-
sembles that present in Permian− Early Triassic beds of Europe (Tatar-
inov, 1960, 1978; Borsuk-Białynicka and Evans, 2009; Sennikov, 2011). 
By contrast, tanystropheids or closely related taxa are currently un-
known in approximately coeval beds of China, South Africa, India, and 
Antarctica. The phylogenetic diversity of stem-archosaurs shows a drop 
in the number of taxa during the Early Triassic, which is a pattern that it 
is not recovered by the taxonomic diversity (Fig. 14). This is as a result of 
the presence of multiple ghost lineages extending back into the late 
Fig. 14. Taxonomic and phylogenetic diversity of non-archosaurian archosauromorphs through time. Global phylogenetic diversity using the minimum branch 
length method (orange) and the equal paleotree legacy method (blue), global taxonomic diversity minus South American taxonomic diversity (red), and South 
American taxonomic diversity (green). In the phylogenetic diversities, each line represents the calculation for a single time-calibrated supertree. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
Table 2 
Taxonomic diversity of non-archosaurian archosauromorphs thorugh time.  
Time bin South American taxa Non-South American taxa 
middle-late Permian 0 4 
Induan 2 13 
Olenekian 0 17 
Anisian 0 31 
Ladinian-early Carnian 5 15 
late Carnian-earliest Norian 13 16 
middle Norian-Rhaetian 0 7  
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Permian and Olenekian, producing peaks of phylogenetic diversity at 
these time bins (Ezcurra and Butler, 2018). 
The Anisian and at least most of the Ladinian tetrapod record of 
South America is extremely scarce, and the archosauromorph record is 
not an exception (Ezcurra et al., 2015b). By contrast, Asia, Africa and 
Europe possess a rich stem-archosaur record, composed of tanystrop-
heids, allokotosaurs, non-hyperodapedontine rhynchosaurs, eryth-
rosuchids, and euparkeriids, and the phylogenetic diversity is relatively 
high (e.g., Ezcurra et al., 2020). The latter shows that the South Amer-
ican stem-archosaur record currently lacks an important span of the 
evolutionary history of the group. 
The latest Ladinian?− early Carnian fossil assemblages of the Cha-
ñares Formation and the Dinodontosaurus AZ of the Santa Maria Super-
sequence possess a richer stem-archosaur record than those of older 
South American rocks, but it is restricted to proterochampsids and 
stenaulorhynchine rhynchosaurs (Mancuso et al., 2014; Ezcurra et al., 
2017). The combined South American record of this time span has a total 
of five currently known stem-archosaur species or diagnostic specimens 
(two rhynchosaurs and three proterochampsids), which represent 33% 
of the global species-level diversity of the group (Fig. 14; Table 2). 
Fig. 15. Body size disparity (using femoral length as proxy of body size) of South American non-archosaurian archosauromorphs through time. The three studied 
time bins (Early Triassic, Ladinian− early Carnian, and late Carnian− earliest Norian) are indicated in grey. The vertical lines and shadows indicate 95% confidence 
intervals generated from 9999 bootstrap resampling replications. The asterisk indicates a significant difference with respect to the immediately previous time bin. 
Table 3 
Results of the body size disparity analysis of South American non-archosaurian 
archosauromorphs. 95% confidence intervals calculated based on 9999 boot-
strap replicates are indicated between brackets.  




















1.261 (1.004–1.312)  
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Stem-archosaurs represent 7% of the total abundance of specimens in 
the lower member of the Chañares Formation, being represented by 
stenaulorhynchines in the Tarjadia AZ and replaced by proterochamp-
sids in the Massetognathus-Chanaresuchus AZ (Ezcurra et al., 2017). 
The late Carnian represents the peak of abundance and taxonomic 
diversity of the stem-archosaurs in South America (Fig. 14; Table 2). 
There is a total of 13 currently valid species (seven hyperodapedontine 
rhynchosaurs, five proterochampsids, and Cuyosuchus huenei), which 
represents 81% of the global species-level diversity of the group at that 
time. This shows how relevant is the South American stem-archosaur 
record at a global level. By contrast, the taxonomic diversity of the 
group increases only slightly in the rest of the world and the phyloge-
netic diversity drops considerably between the Ladinian− early Carnian 
and late Carnian− early Norian (Fig. 14). Rhynchosaurs became the 
numerically dominant forms of the late Carnian South American eco-
systems (Romer, 1963; Chatterjee, 1980; Langer, 2005). Indeed, they 
account for approximately 60% of the tetrapod assemblages of the 
Scaphonyx-Exaeretodon-Herrerasaurus and Hyperodapedon biozones, and 
75% of the Teyumbaita biozone in the lower third of the Ischigualasto 
Formation (Martínez et al., 2011, 2013; Desojo et al., 2020), and they 
are also the most abundant tetrapods of the Hyperodapedon AZ of the 
Santa Maria Supersequence (Langer, 2005). This flourishing of rhyn-
chosaurs during the late Carnian seems to have been a geographically 
widespread event and it is also recognized in coeval terrestrial tetrapod 
assemblages of Zimbabwe, India and Scotland (Chatterjee, 1974; Ben-
ton, 1983b; Raath et al., 1992; Langer, 2005; Mukherjee and Ray, 2014). 
Despite the extremely abundant late Carnian stem-archosaur record, 
none specimen of the group has been found so far in younger levels of 
South American basins, and may indicate an abrupt, regional extinction 
of the group in this continent. However, stem-archosaurs, mainly dos-
welliids and allokotosaurs, are still recorded, but with low taxonomic 
and phylogenetic diversity, in North America until the latest Triassic 
Fig. 16. Results of the entire skeleton disparity analysis. (A) Morphospaces obtained by ploting the two first principal coordinates (PCos) of the PCoA. Black dots 
represent the terminals that belong to the corresponding time bin, while grey dots show the position of the terminals present in the previous time bins. (B) Disparity 
measures calculated for the time bins. The dot represents the estimate for the time bin and the error bars show the 95% confidence intervals generated from 1001 
bootstrap resampling replications. Abbreviations: ADC, average distance to centroid; MPD, mean pairwise distance; WMPD, weighted mean pairwise distance. 
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(Ezcurra et al., 2020). No stem-archosaur is known from post-Triassic 
rocks worldwide and it is assumed that these groups were part of the 
victims of the Triassic− Jurassic mass extinction event. 
3.4.2. Morphological diversity 
The analysis of the evolution of body size through time found that 
there is a significant increase in the median of femoral length between 
the Early Triassic and Ladinian− early Carnian (Fig. 15; Table 3). This 
increase is as a result of the appearance of proterochampsids and 
rhynchosaurs in the younger time bin that are all bigger than Teyujagua 
paradoxa and the tanystorpheid-related taxa from the Sanga do Cabral 
Supersequence. The median shows very similar, non-significantly 
different, values between the Ladinian− early Carnian and late Car-
nian− earliest Norian. The standard deviation and ranges show a 
continuous, but non-significant, increase through time. This is as a 
consequence of the expansion of the lower and upper boundaries of body 
size and within these boundaries the presence of more disparate values. 
The late Carnian− earliest Norian possesses the widest range of body 
size, with an upper boundary that exceeds those of previous time bins 
and a lower boundary that resembles that during the Early Triassic. In 
particular, the expansion of the lower boundary of body size during the 
late Carnian− earliest Norian is because of the presence of the relatively 
small-sized proterochampsid Cerritosaurus binsfeldi, which has an esti-
mated femoral length of 5.2 cm and other species from the same time bin 
have femoral lengths that range between 10.1 and 20.5 cm. The results 
of this analysis are consistent with previous conclusions of an expansion 
of the stem-archosaur morphospace through time after the Permo− -
Triassic mass extinction event (Foth et al., 2016; Ezcurra and Butler, 
2018; Ezcurra et al., 2020). 
A different pattern emerged in the full-body morphological disparity 
analyses. The disparity measures that could be calculated for all three 
time bins, MPD and WMPD, allowed the estimation of the morphospace 
density and resulted in non-significant differences between time bins. 
The post-ordination measures that also focused on density, sum of var-
iances and average distance to centroid, yielded non-significant differ-
ences between the Ladinian− early Carnian and the late Carnian− early 
Norian samples. The centroid displacement, which estimates the posi-
tion in the morphospace of the terminals, and the ellipsoid volume, 
which estimates the volume of morphospace occupied, also showed non- 
significant differences between these two time bins. 
Regarding the disparity analysis comparing the entire skeleton, we 
recovered a non-significant variation in the volume and density of the 
morphospace of South American stem-archosaurs between the late 
Permian?− Early Triassic and the Ladinian− early Carnian (Fig. 16; 
Table 4). These results differ from the significant increases recovered for 
WMPD and sum of ranges between the Induan and Ladinian− early 
Carnian in the global-scale analysis of Ezcurra et al. (2020). By contrast, 
both analyses agree in the lack of significant variations in the volume 
and density of morphospace between the Ladinian− early Carnian and 
late Carnian− early Norian (Fig. 16; Table 4). The difference between 
both analyses for the Early Triassic to Ladinian− early Carnian time span 
is probably due to a combination of several factors. The late Permian?−
Early Triassic stem-archosaur record of South America resembles that of 
other continents, with the presence of tanystropheid-related taxa, 
archosauromorphs close to the base of Archosauriformes, and proter-
osuchids. In addition, the Ladinian− early Carnian record of South 
America has a considerably lower higher-level taxonomic diversity than 
assemblages of the North Hemisphere, lacking tanystropheids, alloko-
tosaurs, erythrosuchids, and doswelliids. As a result, these relatively 
stable variables of morphospace occupation during the Early Triassic to 
the earliest Late Triassic may be related to an actual lower morpholog-
ical diversity of the group in South America. However, it should be taken 
into account that these differences with the results of Ezcurra et al. 
(2020) could be as a result of the smaller number of available terminals 
in South America, which likely limits the power of the analyses and 
forces using longer time bins. Further studies will be required to assess 
these possibilities when more South American stem-archosaur speci-
mens become available. 
4. Future perspectives 
Our knowledge of the record and evolution of the South American 
stem-archosaurs has improved considerably in the last two decades. 
New discoveries have expanded the fossil record of the Early Triassic 
archosauromorphs from the Brazilian Sanga do Cabral Supersequence, 
and the phylogenetic relationships of specimens from this unit have 
been tested quantitatively for the first time (Pinheiro et al., 2016, 2020; 
De-Oliveira et al., 2018, 2020). Similarly, the phylogenetic relationships 
of the proterochampsids are better understood now (Dilkes and Arcucci, 
2012; Trotteyn and Ezcurra, 2014, 2020; Ezcurra et al., 2015c; Ezcurra, 
2016). Research on Brazilian hyperodapedontine rhynchosaurs has 
contributed to clarify their taxonomy and species-level diversity (Langer 
and Schultz, 2000b; Montefeltro et al., 2010, 2013). In more recent 
years, the radioisotopic dating of multiple levels in the 
Ischigualasto-Villa Unión, Cuyana, and Paraná basins have changed 
previous interpretations of the time of deposition of some 
stem-archosaur-bearing units and improved temporal calibration of 
macroevolutionary patterns (Spalletti et al., 2008; Martínez et al., 2011; 
Marsicano et al., 2016; Ezcurra et al., 2017; Langer et al., 2018; Philipp 
et al., 2018; Desojo et al., 2020). Continuous field research allowed 
determining new and improving the chronostraigraphic range of 
tetrapod assemblage zones (Martínez et al., 2011, 2013; Ezcurra et al., 
2017; Langer et al., 2018; Desojo et al., 2020). 
Nevertheless, there are still multiple aspects of the South American 
stem-archosaur record that remain problematic and will deserve 
considerably research effort during the following years. A more precise 
dating of the upper Permian− Lower Triassic units of Brazil and Uruguay 
is needed in order to shed light on the impact and subsequent effects of 
the Permo− Triassic mass extinction in western Pangaea. The Middle 
Triassic tetrapod, including archosauromorphs, record is extremely 
scarce and field work effort should be focused on exploring outcrops of 
this age, such as the Tarjados, Cerro Puntudo, and Cerro de Las Cabras 
formations in Argentina. Similarly, the Tarjadia AZ of the Chañares 
Formation has started to show the tetrapod biodiversity close to the 
Ladinian− Carnian boundary in the Ischigualasto-Villa Unión Basin, but 
the sampling of this AZ needs to be expanded in the future in order to 
allow more precise comparisons with younger units. 
The South American record of rhynchosaurs, especially of the Can-
delária Sequence and the Ischigualasto Formation, has increased sub-
stantially in the last two decades (Montefeltro et al., 2010; Martínez 
et al., 2013; Schultz et al., 2016; Desojo et al., 2020), but detailed 
anatomical and taxonomic work is still lacking. This kind of research on 
Table 4 
Results of the entire skeleton disparity analysis of South American non- 
archosaurian archosauromorphs. 95% confidence intervals calculated based 
on 1001 bootstrap replicates are indicated between brackets. Abbreviations: 
ADC, average distance to centroid; MPD, mean pairwise distance; WMPD, 
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the hyperodapedontines from those units will allow more precise com-
parisons among the assemblages numerically dominated by rhyncho-
saurs, and the biogeographic relationships between the 
Ischigualasto-Villa Unión and Paraná basins during the early Late 
Triassic. Recent description of new rhadinosuchine proterochampsid 
specimens has highlighted taxonomic problems in the group (Ezcurra 
et al., 2019a) and further work on the anatomy and species-level di-
versity of proterochampsids is needed. Despite improvements in the 
chronostratigraphy of the South American Permo− Triassic basins, there 
are still several important uncertainties that may have a direct impact in 
the temporal calibration of the archosauromorph evolutionary history in 
this continent. In this regard, radioisotopic dates of the base of the 
Chañares Formation and Chiniquá-Pinheiros Sequence would allow 
constraining the maximum age of the Tarjadia and Dinodontosaurus AZs. 
Dates of the upper levels of the Tarjados Formation would allow 
determining more precisely the age of its still meagre tetrapod fossil 
record. The radioisotopic dating of multiple levels of the Ischigualasto 
Formation may considerably improve our understanding of intra-
formational biotic changes, mainly in the outcrops of the Ischigualasto 
Provincial Park, in the best sampled and stratigraphically understood 
tetrapod-bearing formation of South America. The addition of new 
anatomical, taxonomic, systematic, and chronostratigraphic informa-
tion would help to clarify if the South American stem-archosaur record 
shows a distinct pattern of morphological disparity than that seen at a 
global level. 
The development of these lines of research, together with the 
continuous collection of new specimens and chronostratigraphic work 
on historical localities and search for new ones, will expand and clarify 
our understanding of the stem-archosaur evolutionary radiation in 
South America during the following decade. 
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Paraná Basin, Rio Grande do Sul, Brazil, based on structural, stratigraphic and 
paleontological data. J. S. Am. Earth Sci. 55, 123–132. 
Hsiou, A., Adbala, F., Arcucci, A.B., 2002. Novo registro de Proterocampsídeo (reptilia, 
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